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rilHROUGH the kindness of Sir John Marshall, C.I.E., Litt.D., etc., Director 
General of Archseology, and the Hon’ble Mr. H. Sharp, C.S.I., C.I.E., etc.. 
Educational Commissioner with the Government of India, I was able in December 
and January 1915-16 to visit the old observatories at Delhi, Jaipur, Ujjain 
and Benares, and this volume is a direct result of my tour. 

In the following chapters an attempt has been made to exhibit the 

known facts relating to Jai Singh’s astronomical work and to describe his 

instruments in some detail. The subject matter conveniently arranges itself 
into the following divisions : (i) Jai Singh’s preparation for his astroncmica] 

researches ; (ii) his own publications ; (iii) the instruments of his predecessors 
that he employed ; (iv) the instruments he devised ; (v) the observatories he 

built ; and (vi) an estimate of his work, etc. The sixth section presented 
some difficulty— chiefly because of the somewhat erroneous idea that prevails that 
an account of Jai Singh is necessarily intimately comiected with the history of 
Hindu Astronomy. To form a proper estimate of the value of Jai Singh’s 
w'ork and to place it in correct relationship with that of his predecessors 
it is, of course, necessary to have knowledge of the history of the develop- 
ment of astronomy before his time ; and w'hile there is abundance of literature 
on European and Muslim astronomy, there is at present no systematic account 
of Hindu astronomy generally available ; so a second part of this work contain- 
ing a fairly full account of Hindu astronomy was under contemplation. But 
this would have altered the character of the book and Jai Singh would have 
ceased to be its principal feature : also an account of Hindu astronomy will 
appear at the same time as this volume in the ‘ Open Court Classics of 
Science and Philosophy.’ I have, therefore, here given only a summary of 
Hindu astronomy in so far as it is related to Jai Singh’s labours and for 
further details refer to my other book. 

This volume is primarily a tour report for the Archscological Department 
and therefore principally descriptive. That it leaves much to be accomplished, 
is to be regretted but it was inevitable ; and, indeed, to attempt to make 
such a record perfectly complete would mean the indefinite postponement of 
its publication. I must therefore plead for some lenience of judgment and 1 
trust that the intrinsic interest of the facts recorded will, in some measure, 
compensate for the inadequacy of the presentation. 

It is now my pleasant duty to record my grateful thanks for help and 
encouragement. To the Durbars of Jaipur and Gwalior I am greatly indebt- 
ed for their kind hospitality and for the valuable assistance given by their 
officers ; and my thanks are specially due to Lala Chuni Lai, the Darogha 
Imarat, and Professor V. V. Tamhankar and Pandit Kedar Nath of Jaipur; 
to Eai Bahadur Munshi Bal Mukan, the Sar Suba, and Pandit Shami 
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Sunclar Sharma, Tehsildar, Ujjain ; to Pandit Gokal Chand of Jaipur for his 
assistance at Benares and Pandit Mahedeva Sastri Ghatri who, with the kind 
permission of Her Highness the Maharani of Dharbanga, placed himself at my 
disposal at Benares ; and to Mr. Sohan Lai of the Archaeological Department 
who accompanied me on my tour. To Mr. Fazil Elahi, B.A., and Professor 
Abd-ur-Rahman of St. Stephen’s College, Delhi, my thanks are due for assistance 
in translating some Persian works on the Astrolabe and in the interpretation 
of obscure Arabic terms. To the Superintendents of the Museums at Calcutta 
and Lahore I am indebted for the loan of certain instruments. The Public Works 
Staff of the Imperial City, Delhi, and particularly iMr. Glen, Executive Engineer 
rendered most valuable assistance ; and to the care and skill of the Superintendent 
of Government Printing and the Surveyor General and their staffs I am obviously 
greatly indebted. It is impossible to repay in words my debt to Sir John 
Marshall and Mr. W. E. Jardine, C.I.E., the Resident of Gwalior, for advice, 
encouragement and help. 


G. R. KAYE. 


November 


, 1917. 
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The Astronomical Observatories 

of Jai Singh 


Chapjer I.— jai SIXGH. 

1. Maharaja Sawal Jai Singh II of Jaipur was horn in A. D. 1686' and 
succeeded to the Amber territory at the age of thirteen in A.D. 1699, a few years 
before the death of AurangzTb. He had difficulties in establishing himself, but in 
1708 obtained complete possession of the province. In 1719 he was appointed by 
Muhammad Shah governor of the province of Agra and soon after to Malwil. In 
1734 he was again governor of Malwa and in that year, apparently with the cog- 
nizance of the Emperor, he resigned the province to the Peshwa. He died in 
1743, two hundred years after Copernicus, and his wives, concubines, and science 
expired with him on his funeral pyre.”' 

Jai Singh mixed in most of the trouble and warfare of the long period of 
anarchy that coincided with his reign ; but he distinguished himself more as a 
statesman than a soldier and has been termed the ]\Iachiavelli of his day. He was 
the founder of a new capital, named after him Jainagar or Jaipur, which in his 
time became a centre of learning ; he erected caravanserais in many of the pro- 
vinces ; and he built astronomical observatories at five of the principal cities of 
Hindustan. He conceived and carried out a scheme of scientific research that is still 
a notable example ; and his influence is still a living one. The observatories he 
erected are, in the words of his historian, *’ monuments that irradiate a dark period 
of Indian History.”® 

At an early age Jai Singh showed a predilection for astronomical work and, 
according to his own account, by constant study,* he obtained a thorough knowledge 
of its principles and rules. He found the astronomical tables in use defective and 
set himself the task of preparing new ones. IVith this purpose in view 
Jai Singh took every means to ensure success. He attached himself to no 
particular school but studied Hindu, Muslim and European methods impartially. 
He collected astronomical books and had certain of them translated ; he organised 

' Tbo year in which Newton's Principia was completed. 

^ Aiinals anil AnIiqniliiS of Rajait'han. By Lieutenant-Colonel James Tud, 1829, Vol. ii, p. 308, 

^ Tod, ii., p. 360. 
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a regular staff of workers and sent some of them to foreign countries to collect 
information ; he invited certain Europeans and others interested in astronomy to 
Jaipur ; he built a large observatory at Delhi and made careful observations there 
for seven years with a view to the preparation of a new star catalogue ; and after- 
wards he built other observatories at Jaipur, Ujjain, Benares and Mathura. Such 
in brief were his astronomical activites which we now proceed to describe in some 
detail. 


Astronomical Works consulted by Jai Singh. 

2. Of the works of his predecessors and contemporaries there is evidence that 
Jai Singh was acquainted with the following : Ptolemy’s Almagest ; the astronomical 
tables of Ulugh Beg ; some Treatises on the Astrolabe ; La Hire’s Tabulae Astro- 
nomicae ; and Flamsteed’s Historia Ccelestis Britannica ; also certain western 
mathematical works such as Euclid’s Elements, a treatise on plane and spherical trigo- 
nometry and on the construction of logarithms. This, of course, cannot be an 
exhaustive list since his valuable library no longer exists entire,^ and it would be 
fairly safe to assume that Jai Singh collected and studied all the available astrono- 
mical works ; indeed it is recorded specifically that he procured from Europe, besides 
the tables of La Hire, those of earlier dates. 

(f) The book that held sway in Europe for a thousand years after its publi- 
cation and among the Arabs for a thousand years after its translation was 
Ptolemy’s Almagest. No other text- book that has ever been written had such a repu- 
tation. Jai Singh himself speaks of Ptolemy as one of the greatest astronomers 
and one of his most important acts was to order a translation from the Arabic 
of Ptolemy’s great work. This tran.slation, apart from its intrinsic value, has a 
somewhat special interest : its title Samrat Siddlidnta, ‘ the supreme text-book ’ 
has practically the same meaning as the Arabic title Al-Majistl, ‘the greatest’, 
and as the Greek title geydXg o-wTafi? ‘ the great compilation.’^ 

According to Garretk^ the Samrat Siddhanta expresses Jai Singh’s views on 
astronomy/and this, probably, is quite true ; but the implication that it was an original 
work composed by or for Jai Singh is wrong. It was written by Jagganath one 
of Jai Singh’s assistants who was cpiite unambiguous on its origin. He wrote • 
Granthaiii siddhanta samrajaih .samrilt rachayati sphutam 1 
Tushttyai Srljayasiiidiasya Jagannathahvayah kriti || 

Arab! bhashaya grantho Jlijastlnarnakah sthitah | 

Ganakiinarii subodhaya girvanya praktl kritah. |1 
Jagannath s introduction contains, besides the usual invocation, {a) Eulogies 
of Jai Singh with which are references to certain events of some importance" 


1 It is said that Jaggat Singh gave Jai .Singh's unrivalled library to a eourtesan • it wa,s thu. 
despoiled and Its treasurer distributed among h.T base relatives.” This would account for the meagreness of 
the information now available ; but the tale does not altogether bear the impress of truth 

2 Anotlier title is Siddhanta Sara Kauihibha. Se.- At-FKKCiir;Uu. Sans. Man. Trin. Coll Dublin p 75 

=> The Jaipur Oh.enatory and Us Builder. By Lieutenant A. ff. Garrett, R.E., assisted ' bv' Pundff 
Chandradhar Guleri. 1902, j.p. 19 and 21. ^ Cundit 

‘The Govind image episode, the Peya sacrifice, and the abolition of a certain tax (? the 
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(b) a list of instruments and (c) an explanation of the source from which the 
work was obtained. 

Jai Singh, Jagannath says, was clever in exhibiting the new methods with 
globes and other instruments ; and that, with the help of certain learned mathe- 
maticians and astronomers, he had made observations of the stars. The instruments 
proper to an observatory are said to be (1) Nadi Yantra (sun-dial), (2) Gola Yan- 
tra (Sphere), (3) Digamsa Yantra (Azimuth instrument), (4) Dakhshino Digbhitt 
(Mural quadrant), (5) Yritta Shashtariisaka (An arc of sixty degrees placed in the 
meridian) which, he says, “the yavanas call sJm^s ifkari , (6) Samrat Yantra 
(Supreme instrument — an equinoctial dial), ‘ the best among the instruments’ and 
(7) Jaya Prakas ‘ the crest jewel of all instruments. ’ 

Then we are told (in the verse quoted in full above) that Jagannath pre- 
pared this excellent Siddhanta Samrdj for the delight of Jai Singh ; and that it 
is a rendering into Sanskrit for the benefit of mathematicians of a work in the 
Arabic language entitled Mijnati} He also tells us^ that “ in the Yavmna country, 
the Yavana masters of astronomy, Abarkhas, etc., found the maximum declination 
to be 23 degrees 51 minutes 19 seconds; and that in Yunan, 36 degrees north, 
it was found to he 23 degrees 51 minutes 15 seconds by the observations of 
Yitlamayus. Ulugh Beg found it to be 23 degrees 30 minutes 17 seconds at 
Samarqand, 39 degrees 17 m'nutes north. By observation with this instrument we 
found it to be 23 degrees at Indraprastha in 1651 Salivahana.” 

{ii) Ulugh Beg’s astronomical tables were completed in A. D. 1436 and be- 
came almost as famous as those of Ptolemy and they formed the basis of most 
.subsequent catalogues. Flamsteed used them and so did Jai Singh, who brought 
them up to date. For details as to the use made by Jai Singh of Ulugh Beg’s 
tables see below (p. 8). 

{Hi) The Hindu name for the astrolabe is Yantra Baja and Garret says ® that 
this “ appears to be a very ancient type of instrument of Hindu origin’’, and 
also that “ it appears to have been held in great esteem by Jai Singh as he 
himself wrote a book concerning its construction and use.’’ As a matter of fact 
the astrolabe or Yantra Raja is not of Hindu origin at all. The earliest Hindu 
work on this instrument is of the fourteenth century of our era while numerous 
Arabic and Persian works dating from the tenth century onwards are known. 
The earliest Hindu work known is by Mahendra Suri and was written in the 
time of Firoz Shah in Saka 1292 or A.D. 1370^ and there are indications that 
it was used by Jai Singh. But Jai Singh did not rely on this work alone 


1 i.€., Ptuk'iiiy's 

2 From tlu- C .1 utt >, MS. The nam"S ..r’ somewh t puzzling but .\b rkh for Hipp.'.r •hu<<, Vitlamayus is 
for Pto!eiua?u^. Hy Yun n po-sibly Rhodes is m.ant. Thed.t- 1651 .Sa'ivakuia is equiv.dent to A. D. 172t», 

Indr prasth ■, is Pellii. j 

^ p. 49. hee K. Jiitrv Caf. Sans. MSS.. Bitanrr .j>. 351. 

* Tliis work together with Maiayeiidu's coniiueitm-y w.i= printed by the late Pandit Sudhakar Dvivedi of 
Be-wres. In the India Oliee Libr.iry w .r rn i-ri.ori|)t ,2,' v,, 1 -,3s i) of this wnrk whieh was described by KggeliiiT 
{Citalo:/iieSan 9 kin Ini'i Ojir 1. V. p. 103a. See n Iso No. 29 >,>(2.313 ''ii,. lii.gi) as follows - 

•'Yantra raja or Yantrnrdj.ij'iina, also v.'Wd S'lija HUtinnn.ii and Sail'/anira. a tre iti,.e m five eliaptois 
on the construction and use ot the aiiniil.iiy spheie and the caleule.tioii of . elestial and terresiri d Ion:;;, 
tudes and latitudes, by Suri Mah.mlra) the pupil of Madaiia Suri the court astrologer of Bhrigapurn.' 
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a’ld certainly used .sjine of the Arabic or Per-sian text-books on the astrolabes of 
which there were a great many available. 

Mahendra describes his treatise as " This scientific work, the good Ya)itra 
I^dja, full of much variety and wonder causing, for the benefit of the people, etc.” 
It is “ abridged, essence-like, exhaustive but very simple and delightfid to the 
heart.” He says (v. 3) : Many Yavanas have also composed scientific works on 
this instrument in their own language and according to their own particular 
uuderstanding ” and, he continues, “ having found them like oceans, I now 
compose this work, like nectar, as the essence of them all.” He gives a list of 
thirty-two stars^ and then (v. 28) writes : ■■ After freeing these stars of drik 
karma mark them on the celestial globe .... This is a secret 

that has come from the Yavanas.” 

iMahendra's small star catalogue is of considerable interest because such 
lists are very uncommon in Hindu books and because it is taken from 
Ptolemv's catalogue. The latitudes are exactly the same as Ptolemy’s in all cases 
but one and the longitudes differ by exactly 18° 53' in all cases but six. 

(ad Jai Singh himself refers to La Hire's tables (.see page Id) and to other 
European tables ' and in the palace library at Jaipur is still a copy of Flam- 
steed's great work. 

P. de la Hire wa.s a French .scholar of repute who lived from A.D. 1640 to 
1718. He wrote many mathematical works and in 1702 published his Tabulae As- 
tronomicce of which the first part had appeared in ^ 1687. This work contained, 
besides the usual tables, a refraction table (which it is said Jai Singh copied) 
and a description of a machine invented by la Hire to show the theory of 
eclipses. Another of la Hire's works was ‘La Gnomonique ou Fart de tracer 
des cadrans ou horologes solaires sur toutes sortes de surfaces, par differentes 
pratiques, avec les demonstrations geometriques de toutes les operations.’ This 
was published in 1682 and would have been u-seful to Jai Singh. 

(r) John Flamsteed lived from 1646 to 1720. His Historia Ccelestis Britannica 
appeared in 1712, in one folio volume, made up of two books, the first containing the 
catalogue of stars and sextant observations ; the second, observations with Sharp’s 
mural arc. The complete work consisting of three folio volumes was published in 1725. 
Flamsteed himself lived onlylong enough to finish the second of the three volumes. 
The third was edited by his a.s.sistants Cros.sthwaite and Sharp. It contains descrip- 
tions of the iiLstruments used by Tycho Brahe, Hevelius, Flamsteed himself, etc. ; the 
star catalogues of Ptolemy, Ulugh Beg, Tycho Brahe, the Landgrave of Hesse and 
Hevelius and finally the British catalogue of 2,935 stars. 

(vl) Undoubtedly Jai Singh po.'^.'^essed other astronomical works, but the only 
po-^sible hints as to their identity are contained in the preface to his own catalogue 
where he mentions several a.strononiers by name. For example he not only 
mentions XasIr-al-Din al-Tii.sI (born A.D. 1201) but also his commentator (Ali 
b. M.) al-Gurgani. Nasir al-Din was one of the greatest Muslim astronomer.s. 

> M.ihendra's Ii>t is given in Apiiendix A. He give.< the nito of iirecession as 54 seeonds and ,t 
Ifi’ .53' 

in.iy tie noted that go'e.s almost exactly 12.59 ye.irs and tins gives the date fur Ptolemy ’j 

cat.ilogue as A.D. HI aeiirosiinatelj. 
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He made observations at the Haragha observatory and published the famous 
' Ilkhanic Tables.’ He wrote numerous works on astronomy and mathematics, 
including commentaries on the works of Archimedes, Euclid, Ptolemy, etc. 

Coupled with Nasir al-Din, Jai Singh mentions also Jamshid Kashi (Jamshid b. 
Mas‘ud b. M. Gijat al-Din al-Kashi) who was one of Ulugh Beg’s assistants. He 
wrote several works on astronomy and particularly on the Kaqani tables. He 
also mentions al-Sufi (see page 10). 

(vii) Hunter' tells us that he met at Uijain a grandson of Jai Singh’s 
principal assistant ( ? Jagannath). “ In his possession,” he writes, " I saw the 
translation into Sanskrit of several European works, executed under the orders 
of Jaisingha, particularly Euclid's Elements^ with a treatise on plane and spherical 
trigonometry, and on the construction and use of logarithms which was attached 
to 'Cum’s and Commandine’s edition. In this translation the inventor is called Don 
Juan Napier^ .... Besides these the Pandit had a table of logarithms and 
of logarithmic sines and tangents to seven places of figures, and a treatise on 
conic sections.” 

We are also told that “ maps and globes of the Feringhees were obtained from 
Surat.”' 


Personal assistance rendered to Jai Singh. 


3. Jai Singh did not rely altogether upon information contained in books. He 
sent to Europe “ several skilful persons along with Padre Manuel ” ; Muhammad 
Sharif^ was sent to some place,' where the southern pole was overhead ” ; and 
Muhammad Mahdi was sent to the “ further islands.’’® 

Confirmation of the expedition to Europe is found in the records of the Jesuit 
Missionaries in India. In 1728 or 1729 we are told’ that Jai Singh sent Father 
Figueredo, a Portuguese Jesuit, to Portugal. Also the same records relate that on 
January 6th, 1734, two priests set out from Chandernagore to Jaipur,® at 
Jai Singh’s request. The account* of the astronomical work done by these two 
priests at Jaipur and on their journey was written, according to M. 
D’ Anville,'* by Father Boudier, one of the priests who made the journey. Obser- 


* Some account of the Astronomical Labours of Jaya Sinha, Rajah of Amhhere, or Jayanagar. By 


W. Hunter. Asiatic Researches, Vol. V., 1799, p. 209. 

This is the Rekhaganita referred to on p. 69. 

’ This seems to be the source of Tod's statement that Jai Singh caused “ Don Juan Napier on the 
construct-on and use of logarithms to be translated into Sanskrit.” (ii. 358). 

* Garrett p. 20. In the Jaipur museum there is a terrestrial globe attributed to Jai Singh ; and for 
the transference of Ulugh Beg's co-ordinates into declination and right ascension a large and fairly accurate 
celestial globe was used by Jai Singh's assistants (see p. 8). 

^ There is a treatise on the astrolabe (British Museum Adit, manuscripts No. 7489) by ‘Abdu‘1 Rahim 
b. Muhammad Sharif al-Sharif. The date of the manuscript is A. H. 1165 (=A.D. 1751). See Morley p. 2. 

* Garrett p. 20. 

’’ Leitres edifiantes el curinises, ecriles des Missions etrangeres. Nonvelle lidition. Memoires des Indes. Tcnit 


quinzierne. Tolouse 1810. pp. 269 f. 

® A journey of over a thousand miles. 

* Observations geographiqites failes en 1734 par des . 
A Delhi et d Jaepouri p. ’-69. 

Eclaircissemens giographiques sur la Carte de I’Inde. 
not published till later, but M. D’Anville obtained the 


’errs Jesuites, pendant leur voyage de Chandernagor 

Paris 1753. p. 46. Father Boudier's account wai 
manuscript from M. Desp e'menil. 

/ 
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vations were made at most of the important places through which they passed. 
The observatories at Delhi and Jaipur are mentioned but not those at Benares 
and Mathura, at both of which places they made astronomical observations, and this 
means that the observatories at Benares and Mathura were probably built 
after their visit, which took place in the early part of 1734. 

At the two observatories visited the following results were obtained : — 

Longitude Longitude Latitude 

East of Paris. East of Greenwich. north. 

Delhi 75= 0' = 77° 20' 13" 28° 37' 

Jaipur 73° 50'= 76° 10' 13" 26° 56' 

From observations of an eclipse of the sun made on December Ist, 1732, by the 

Jaipur Pandits, Father Boudier calculated the difference in time between Paris and 
Jaipur as 4 hours 55 minutes 34 seconds east of Paris ( = 76° 13' 43" E. of Green- 
wich) and Father Boudier himself, observing the emersion of a satellite of 
Jupiter, calculated the longitude as 4 hours 55 minutes east of Paris ( 76° 5' 
13" E. of Greenwich). In the Lettres edifiantes et ciiriemes we read (p. 239) ; 
“ Les observations, des satellites de jupiter ont ete faites par le Reverend Per'e 
Chaubil(?at Pekin) avec une lunette de vingt pieds, et par les Peres Jesuites 
qui etaient en voyage avec une de dix-sept pieds.” 

This visit is of such importance as to warrant quotations from early works 
regarding it. We read in the Lettres edifiantes (p. 269 f.) : “ Le Raja d’Amber, 
Jassing-Savae, dont les Gazettes d’Europe firent mention en 1728 ou 1729, au 
sujet d'un voyage en Portugal, que le Reverend Pere Figueredo, Jesuite Portu- 

gais, fit par ses orders, mourat en 1743 Ce Prince ayant demande 

des peres Jesuites de Chandernagore, I’esperance de le rendre encore plus 
favorable aux Chretiens, en favour de qui il avait deja commence une Eglise 
dans sa nouvelle ville,^ determina leur Superieur-General dans les Indes a lui en 
envoyer deux, qui partirent de Chandernagor de le 6 Janvier de I’annee 
1734, et qui firent les observations geographiques qu’on va rapporter. C’est 
tout ce que leur a permis de faire en ce genre I’incommodite des voyages en 
ce pays-ci, sourtout lorsqu’il faut les faire par terre, et leur mauvais sante, 
tous les deux devant leur retour ayant pense mourir de maladie, causee par 
les fatigues et les mauvaises eaux qu’on est oblige de bdire en chemin.” 

In 1775 M. D’Anville wrote® “ Cet habile Astronome (P. Boudier) se ren- 
dant aux sollicitations d’un puissant Raja, nomme Jassing-savae, fort curieux 
d’astronomie et qui non content d’avoir fait construire un observatoire dans la 
ville de sa residence a environ cinquante lieues de Delhi, en avoit ele ■’e un 

^ Ti.e Pari.s obuervatory is 0” O'" 20-9 goes =2° 20' IS'o" E. of Greenwich. Jaipur observatory is 75“ 49' 
lS-5" E. of Greenwich, while Delhi observatory is 77“ 13' 5" E. The approximately correct latitudes 
are Delhi 28“ 37' 35" N., Jaipur 26° 55' 27" N. 

In the latter part of the seventeenth century the difficulty of chromatic aberration was partially 
overcome by the use of very long telescopes— often a hundred feet or more. This led to ‘rerial ifelca- 
copcs ' without tubes of which la Hire in 1715 gave a description: possibly Father Boutiiei’s was a 
small one of this type. 

^ Jai[)ur was built about A.D. 1728. 

^ Aiitiqu't^- Ve( graphiqtie de V Inde, p. 60, 
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autre avec magnificence dans un de ces faubourgs, & appele Jassingpura, met 
3 minutes 40 seconds de difference entire la hauteur rapportee au Palais du 
Mogol et cet observatoire, ce qui donne un intervaile d’environ 4000 toises.” He 
died about A.D. 1792. 

Tieffenthaler, a French Jesuit, who landed in India in 1743, the year in which 
Jai Singh died, Avrites d “J’ai fait trois ou quatre excursions a Agra et Delhi, pour 
faire visite au R. P. Andre Strobel, que Jessing, Raja de Djepour, curieux d’astrono- 
mie avoit appele d’allemagne avec un compagnon.” 

The only other European connected with Jai Singh that we have information 
about is a Don Pedro de Sylva, who, according to Hunter", was a physician 
and an astronomer and resided at Jaipur with Jai Singh. De Sylva, it appears, 
died about A. D. 1792. 


’ Dcscriplwn hUtorique et giographique de I’ Inde. Ed. by J. BurnuuilU 1786. Prfcf.ioc p. 5, 

* p. 210. 



Chaptee II.— JAI SINGH’S ASTRONOMICAL TABLES. 


4. The Zij Muhammad Shdki is a set of astronomical tables prepared under 
the direction of Jai Singh and named after the Emperor, Muhammad Shah^. 
Of this work, I found (A) an incomplete Devanagari manuscript at Jaipur/and (B) 
a complete Persian manuscript at the British museum. At first B was supposed to 
be an original work while A was said to be, not the Zij Muhammad Shdhl itself 
but/ Ulugh Beg's celebrated catalogue brought up to date by Jai Singh and 
his assistants. 

5. (A) The Jaipur manuscript begins as follows : — - 

“ Homage to holy Ganesh. Catalogue of 48 constellations. From the time 
of Ulugh Beg’s table A.H. 841 to the present date A.H. 1138^ or 
297 years the mean motion* is 4 degrees 8 minutes. In the Zij 

Muhammad Shdhi the estimates of declination, etc., are taken from 
“ the globe. Right ascension divided by six is apparent time.” 

Two pages of the Jaipur manuscripts are shown in plate (l) (Figures 1, 
2) and I give below extracts* from the manuscripts together with a 

table of comparisons. The manuscript gives : (a) The numbers of the constella- 
tions and star numbers And these in all cases follow Ulugh Beg’s order exactly 
(b) The nomenclature which is a translation from Ptolemy ( through Ulugh 
Beg.) In a few cases the Persian and Hindu names are also given, (c) Ulugh 
Beg’s longitudes with 4°8' added for precession, (d) The latitude which in 
practically all cases is the same as Ulugh Beg’s, (e) The so-called polar longitudes® 
(what Delambre calls ‘ false longitudes ’) : this is the Sdrya Siddhdnta method 
of indicating the positions of stars, but it also occurs in Muslim works, e.g., Abu 
» Ali al-Hasan in the 13th century of our era calculates the polar longitudes 
for a number of stars ; and the presence of these polar longitudes in Jai 
Singh’s catalogue is possibly due to Muslim and not Hindu influence. (/) Decli- 
nations ’ and ig) Right ascensions apparently read off from a globe ^ {h) Right 
ascension in ghatis and falas obtained from {g) by dividing by six.® (h) Star 
magnitudes which seldom differ from these recorded by Ulugh Beg. 

The catalogue is not an original one but is Ulugh Beg’s brought up to date. 

1 Hunter and others say that Jai Singh was chosen by Muhammad Shah to reform the calendar ■ but probably 

.Jai Singh was the mover and at the most obtained the Emperor's formal sanction. ^ 

2 A.H._841=A.D. 1437-8 ; A.H. 1138-A.D. 1725-6; and 297 Muslim year = 288-2 Christian years. [A.H 

= The precession of the equinoxes is meant. The rate here given, 4A' in 297 Muslim years, is equivalent 
to c Tb" a year. .See appendix O’. 

* Further extn.cts are given in appendix A. 

= The polar longitude is marked on the ecliptic by the circles of declination, that Ls, the difference ( Aa) between 
the true longitude (a) and polar longitude (a') is that portion of the ecliptic intercepted between the st'ar’s declina- 
tion and latitude circles. The polar latitudes' (which is not given in the M.s.) ig, similarly, the of the 

declination circle between the star and the ecliptic. The change of co-ordinates can be made by he’lp of the following 

foriaulip (i) tan ^\ii) sin X'=sin M. sm (Hi) sin AA —tan A cot M. 

® (.0 pala3 = l ghati = 24 niinutes = 6 
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The method of transference of cordinates employed was bound to lead to errors of 
certain types, viz,, errors due to the graduations of the globe employed, and a 
greater apparent error in northern latitudes. The table has a special interest 
of its own and an interest in connection with Jai Singh’s work as showing at 
least one of the sources of his astronomical knowledge. 


Extract from the Jaipur Catalogue. 


a 

B 1 

C 

D 

! ® 

F 

G 

H 

I 



Longitude. 

! 

Latitude. 

Polar 

Longitude. 

Declination. 

Right 

Degrade. 

Ascension 
in ghatis 
and palas. 

Magnitude. 

VI 

: Constellation of the 
Crown. 

«. ° ' 

0 / 

; 1 

. . 

1 

0 / 

g- p- 


1 

Very brilliant • 

7 8 38 

+40 30 

7 24 0 

+28 0 

231 0 

38 30 

2 

2 

Beyond this 

7 5 48 

+46 24 

7 22 0 

+30 15 

229 5 

38 11 

4 

3 

Above the second 
to the north. 

7 5 18 

+48 21 

7 22 40 

+32 5 

229 50 

i 

38 18 

4 

4 

i The third to the 
north of this. 

7 7 48 

+50 45 

7 26 0 

+33 15 

233 15 

38 53 

6 

5 

Near to the large 
star to the south. 

7 10 26 

+44 27 

7 25 0 

+27 0 

232 15 

38 43 

4 

6 

Near this a little to 
the north. 

7 12 54 

+44 42 

7 26 30 

+27 0 

233 50 

38 58 

4 

7 

Near to this the 
sixth to the 
south. 

7 13 3 

+46 0 

7 28 30 

+28 0 

236 0 

39 20 

4 

8 

Near to number 7 

7 14 39 

+49 30 

8 0 0 

31 0 

1 237 30 

39 35 

4 



From Ptolemy. 

Modem 

name. 

Feom UtroH 
Beo. 

Diffekekcb 

BETWEEN 

MS. AND 
Ulvgh Beg. 

Difference be r- 
ween ms. and 
Flamsteed eedetce d 
TO A.D. 1725. 

1 

Longi- 

tude. 

Latitude. 

A long. 

A lat. 

A long. 

A lat. 

VI 

Corona Borealis. 








1 

Fulgens earum quae sunt in corona. . 

5 a 

7 4 34 

+44° 30' 

+ 4=4 

+0 

-f 18' 6" 

— 3°51'18’’ 

2 

Quae omnes istas praecedit 

3 /3 

7 1 40 

+46 24 

+ 4°8' 

0 

+ 31'57'' 

+ 19'19'' 

3 

Borealior qufeistam sequitur. 

4 S 

7 1 10 

+48 21 

+ 4°8' 

0 

— IT'SC" 

— 13'5r 

4 

Sequena iatam et borealior ista 

9 TT 

7 3 40 

+50 45 

+4°8' 


—32'dV 

+ U'56' 


Quae fulgentem a meridie aequitur. 'f ■ 

8 y 

7 6 28 

+44 27 

+ 3=58' 

0 

— 35'51'' 

— 5'19* 

6 

Quae iatam propriua aequitur. 

10 T 

7 8 46 

4-44 42 

+4=8' 

0 

— 14'24'' 

— ll'd' 

L 

7 

rf 

Qu® ^ post istas rursus sequitur. 

13 = 

7 10 55 

+46 0 

+4=8' 

0 

~13'25' 

— 6'2S’ 

L 

8 

Sequens cunctaa qu®^ in^ corona sunt. 

14 1 

7 11 31 

-}-49 30 

+ 38' 

0 

— 30'48”' 

+ 18'38' 


B 
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6 (B). The British Mnserim manuscript' bears the title Zlj Jad'id Muhammad 
Slidld (the new Muhammad Shah tables) and Raja Jai Singh Sawai is indicated 
as the author. The work consists of three books : (i.) On the current eras , 
namely, the Hijrah, the eras of Muhammad Shah, the Christian era, and the 
Samvat era. (ii.) On the determination of the ascendants, (iii.) On the motion.s 
of the planets and stars and their positions. 

The first two sections follow Ulugh Beg and the third section is simply 
Ulugh Beg brought up to date. The catalogue of stars is headed : “ Table 

showing the positions of the fixed stars as determined at the Samarf[and obser- 
vatory.” The catalogue gives (a) serial numbers, (b) constellation numbers, (c) 

names of constellations and stars, (d) Longitudes, (e) Latitudes, (/) Directions, [g) 
Magnitudes according to Ptolemy, (li) Magnitudes according to Sufi." The total 
number of stars given is 1018 (Ulugh Beg's number) and these are arranged 
in identically the same order as those of Ulugh Beg. The latitudes are the 

same as Ulugh Beg’s and the longitudes differ by 4° 8', as in the case of the 
Jaipur ]MS. ^ 

7. The preface to the Zij Muhammad ShdJil is, from historical point of view, 
perhaps the most interesting part and is here given in full.® ' 

Praise be to God, such that the minutely discerning genius of the pro- 
foundest geometers in uttering the smallest particle of it, may open 
the mouth in confession of inability ; and such adoration, that the 
study and accuracy of astronomers who measure the heavens, on 
the first step towards expressing it may acknowledge their astonish- 
ment and utter insufficiency Let us devote ourselves at the altar 
of the King of Kings — hallowed be his name — in the book of the 
register of whose power the lofty orbs of heaven are only a few 
leaves ; and the stars and that heavenly courser the sun, a small 
piece of money in the treasury of the empire of the Most High. 

If he had not adorned the pages of the table of the climates of the 
earth with the lines of rivers, and the characters of grasses and 
trees, no calculator could have constructed the almanac of the 
various kinds of seeds and of fruit which it contains. And if he 
had not enlightened the dark path of the elements with the 
torches of the fixed stars, the planets and the re.splendent sun and 
moon, how could it have been possible to arrive at the end of 
our M islies, or to escape from the labyrinth, and the precipices 
of ignorance. 

Prom inabiiity to comprehend the all encompassing beneficence of His 
power, IfiFRARCHrs is an ignorant clown, who wrings the hands 
of vexation ; and in the contemplation of His exalted majesty 

’ Rifu'.- C'tU’h fj'if oi Orinit'U MSS. '• Adrl. 1 r!73. Foil. :;22 ; 1 1 1 inohi-^ hv 1'i ; 12 liiifs. 4‘ inrlu-s long ■ 
’■Ottcn in Na>ta!ik. ‘ Unvau and troldnili-d margin^, apparently in tin- 18th Century (Francis Gladwin)."’ 

Tiie MS. is in gnnd condition and could easily be reproduced by rotugraph. 

= Abdarrahiiulu b. ‘Omar. Abu'l-IIosoin. al-Sufi (died A. J). S'Sb) wrote on the fixed stars, the astrolabe,. 

;H. Sutcr. Dit Muth. n. Astr. d. Arabtf /p. 02). ' ^ 

^ Hunter A^. Ees. F. p. 178 f. 
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Ptolemy is a bat,, who can never arrive at the sun of truth : the 
" ' ' demonstrations of EUC LID are an imperfect sketch of the forms of 
his contrivance ; and thousands of Jamshid KAsmib or XasIr Tusi,- 
in this attempt would labour in vain. 

But since the well-wisher of the works of creation and the admiring 
spectator of the theatre of infinite wisdom and providence Sawai Jai 
^ SiNGH^ from the first dawning of reason in his mind, and during its 
progress towards maturity, was entirely devoted to' the study of 
mathematical science, and the bent of his mind was constantly 
directed to the solution of its most difficult problems : by the aid 
of the supreme artificer he obtained a thorough knowledge of its 
. principlie and rules. 

He found that the calculation of the places of the stars as obtained 
from the tales in common u.se such as the new tables of S’aid 

Gurg-AnP and Khagani, and '~the TasaM at- Mulct CliCincP Akhar 
ShdhP, and the Hindu books, and the European tables,' in very 
many cases,' give them widely different from those determined by 
observation : especially in the appearance of the new moons, the 
computation does not agree with observation. ” 

Seeing that very important affairs both regarding religion and the ad- 
ministration of empire depend upon the.se ; and that in the time 
of the rising and setting of the planets, and tlie seasons of 
eclipses and of the sun and moon, many considerable disagreements of 
a similar nature were found — he represented it to his majesty of 
dignity and power, the sun of the firmanent of felicity and domi- 
nion, the splendour of the forehead of imperial magnificence, the 
unrivalled pearl of the sea of sovereignty, the incomparably bright- 
est star of the heaven of empire, whose standard is the sun 

whose retinue the moon, whose lance is Mars and his pen like 

Mercury with attendants like Venus, whose threshold is the sky» 

‘ Jamshid b. Mcs’ud Gijat al-Diii al-Kashi was om- «£ Ulugh Bug's a.'-tioncmurs. 

^ Nasir al-Uin al-Tusi was born -A.l). 1201. Hu workud at the MaiAgha observatory and published the famous 
‘Ilkhmjic Tables.’ Ke translated Euclid's Ehmtnis and Etolemy's A/wayt#/. and rvrote many woiks on astronomy. 
Ufai Singh writes in the third person. 

■* Possibly ‘Ali b. M- al-Saijid al-Sarif al-Gurgani, who lived from A.D. KlhSI to 1414 in Sliiraz, and 
wrote a commentary on Nasir al-Tiisi's Tiidkiru (.See H. Suter s^lDit iltilhi iimhlrr nnd A.^tiriur'iiii ii iltr Anihfr mid 
Hire Wtrkt. p. 1”2) ; but Gurgani was a designation of ITugh Beg's tainilyiand L’iugh Beg's t.ibles weie Mimetimi s 
termed the Gurgani canon [See L.P.E.A. S'edillot's Prnte'ijoi/iencs ilm TnhU ^ n'lroHoihtqin ri'Oloinj Big. p.c. xix ; 
also Ahi-i-Akiiari, (Hi) 20 and 41 (Jarretfs editii n) ; Akhtinnhii'i. (i). 204 (Beveridge's Edition) ] 

^ Suter {p. O.'i) mentions one al-Khaq.ank .an astronomer and astrolocer who died in A. D. lo:iS and who worked 
-it improving the agronomical tables. Tlie Kliaqini t.ibles we.e suiiplement.iry to the ilkhanic tables of N;wiv 
al-Tu.-i and w ere prep ired and edited by Jam.dsid ahK.'idii. 

® ■' M.auh'in.'l C'hind. tlie astrologer, who was [losse^cl of groat acuteness ami thorough dexterity in the scienre 
of the astrolabe, in tlie scrutinising of astronomieal tables, th.e euu.strueth .n of a'eamanes and ti'e inteipietation of 
the stars, was deputed to be in attendance at the j onais of the eui.oki of chastity in order tliat lie might observa 
the happy time and ascertain exactly the period of birth (of .Vkhar). He leported in wru ng to tin- exalted eami) 
that aeeordmg to altitudes taken by the Greek Astrolabe and by ealcuP.tions br.-ed on tke t.urgani t. blea etc.' 
(Akharaiimn. Vol. I.,0!)-70 ffid. P.everidgc). He also cast the horoscope of Jahangir in .4. D. I.j7<» aceorriing to th'-' 

Greek canon (ib. ii ^>00-7. See also UiG .and 374). 

■' He is po.'sibly roferring to La Hire’s Tahahr Aslrunomkir and Flamsteed’s HiMori'i (Aa'i dn BntaiiUica. 
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whose signet is Jupiter, w^hose sentinel Saturn — the Emperor des- 
cended from a long race of kings, an Alexander in dignity, the 
shadow of God, the victorious king Muhammad Shah’ : May he ever 
be triumphant in battle.^ 

He was pleased to reply, since you, who are learned in the mysteries of 
science, have a perfect knowledge of this matter, having assembled 
the astronomers and geometricians of the faith of Islam, and the 
Brahmans and Pandits,* and the astronomers of Europe and having 
prepared all the apparatus of an observatory, do you so labour 
for the ascertaining of the point in question, that the disagreement 
between the calculated times of those phenomena, and the times 
which they are observed to happen may be rectified. 

Although this was a mighty task, which during a long period of time 
none of the powerful Rajas had prosecuted ; nor among the tribes 
of Islam, since the time of the martyr prince, whose sins are for- 
given*, Mirza Ulugh Beg, to the present, which comprehends a pe- 
riod of more than three hundred years,^ had any one of the kings 
possessed of power and dignity turned his attention to this object. 
Yet to accomplish the exalted command he had received, he bound 
the girdle of resolution about the loins of his soul and construct- 
ed here® several of the instruments of an observatory such as 
had been erected at Samarqand ® agreeable to the Mussalman books’^ 
such as Zat al-Halqa ** of brass, in diameter three gaz* of the 
measure now in use and Zat al-Sha'hatain}^ and Zat al-Zaqatain and 
Sads^^ Fakhri and Shdmalah}" 

But finding that brass instruments did not come up to the ideas which 


* Muhammad Shah reigned from 1719-1748. 

* This must have been mitten before 1739 when Nadir Shah sacked Delhi. 

^ These seem to be curious expressions for a Hindu to use. 

* Ulugh Beg was assassinated in AD. 1449 while the Ztj Muhammad Skdhi is supposed to have been published 
in 1728, approximately 297 Muslim years after. See p. 8. 

’ At Delhi. 

' We have very little information about the observatory at Samarqand. Grteaves stated that the quadrant 
used by Ulugh Beg was as high as the summit of St. Sophia at Constantinople, or about 180 feet. The earlier Muslim 
astronomers had also devised huge instruments. In A.D. 995 Abul Wafa used a quadrant of radius 21 feet 8 
inches; al-Khojendi nsed a se.xtant with radius 57 feet 9 inches. Nasir al-Din set himself the task of perfecting 
instruments, etc. See Sedillot’s Prof/yoincrtes dea Tables astronomiques d'Ouloug-Beg, p. cxxix. See also page 81 
for a fuller account of Mushm instruments. 

7 Soe below for a bibliography of books on the astrolabe. There wore numerous Arabic and Persian works on 
astronomical instruments available. 

* A ring instrument, arm 11a, sphaerr, a-millariei — (Nwllino ii. 329). 

“ 3 gnz = 9 feet ordinarily but perhaps here a gaz^l da-nda-^6 feet approximately. 

An astrolabe with two rings or parts. It is the triquerum or regiilce parallacticae. Al-Battani calls 
it the ‘lone alhidade’ (Nallmo i. 321). In Leiden i.s a MS. De ratione qua ope instrumenti Zat al-Sho’batain, etc., 
by the celebrated al-Kindi. JIuhammad bin ‘I.sac b. Abi ‘Abbad, Abu’l Hasan also wrote on the same 
instrument (Suter pp. 25 and 48). 

“This must be the .same as the ShashldmSa Yantra, vhich, according to Jagganath “the Yavanas 
r ailed shudsufkari.^' See pages 3 and 39. 

The Jai Prakas is called shamlah by Hunter. 
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he had formed of accuracy, because of the smallness of their size,* 
the want of division into minutes, the shaking and wearing of 
their axes, the displacement of the centres of the circles, and the 
shifting of the planes of the instruments, he concluded that the 

reason why the determinations of the ancients, such as Hipparchus 
and Ptolemy, proved inaccurate, must have been of this kind. 

Therefore he constructed in Dar al-Khalafat Shah Jahanahad,' which is 
the seat of empire and prosperity, instruments of his own inven- 
tion such as Jai Prakas and Ram Yantra and Sarnrdt Yantra,- the 
semi-diameter of which is of eighteen cubits and one minute on 

it is a barley corn and a half® — of stone and lime of perfect stabi. 
lity, with attention to the rules of geometry and adjustment to 
the meridian and to the latitude of the place, and with care in 
the measuring and fixing of them so that the inaccuracies from the 
shaking of the circles and the wearing of their axes and dis- 

placement of their centres and the inequality of the minutes 
might be corrected. Thus an accurate method of constructing an 
observatory was established and the difference which had existed 
between the computed and observed places of the fixed stars and 

planets by means of observing their mean motions and observations 
was removed. 

And in order to confirm the truth of these observations he constructed 
instruments of the same kind in Sawai Jaipur, Muthra and Benares 
and UjjaiiP. When he compared these observatories, after allowing 
for the difference of longitude between the places where they stood, 
the observations agreed.® 

Hence he determined to erect similar observatories in other large cities 
so that every person who is devoted to these studies, whenever 
he wished to ascertain the place of a star or the relative situation 
of one star to another, might by these instruments observe the 
phenomena.® 

But seeing that in many cases it is necessary to determine past or 
future phenomena ; and also that in the instant of their occur- 


* Cf. Alberuni Chronology of Ancient Xations, 'p. II) who writes : “ It is impossible to fix the parts of the greatest 
circle by means of the p.arts of the smallest circle. I refer to the smallness of the instruments of observation m eoni- 
parision with the vastness of the bodies which are to be observed. On thi.s subject I have enlarged in my book called 
Kitab-al-i.stixhhad bikhtildf-al ‘arsdd." L.P.E.A. Sddillot [p. cx.xi.x] gives the following interesting quotations = 
‘‘ Si j'avais pu. disait Ebn-Carfa. faire un cercle qui s’appuyat d’un cote sur les Pyramides et de I'autre sur le ment 
Mocattam, je I’aurais fait ; car plus I'instrument est grand, plus les operations sont justes. ’ ^ 

' i.e., Delhi. 

* See below p. 36 scq. , . — 

’ To make the measurements fit the cubit used must have been a large cubit = 36 ariaulas. 

* This implies that the Delhi Observatory was completed before the others were started ; and that all of them 
were built before the preface was written. This dates the preface after 1734 and perhaps after 1 737, (See p. 15). 

^ We must accept these statements about perfect agreement with some caution. We have very few records 
of -lai Singh's actual calculations or observations : his value for precession was ol-fi" a year and for the obliquity 
23°28'0. 

* The project of building observatories at other places was never carried out. 
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rence cloud or rain may prevent the observation — or the power 
and opportunity of access to an observatory may be wanting — he 
deemed it necessary that a table be constructed by means of 
which the daily places of the stars being calculated e\ery year 
and disposed in a calendar may always be in readiness. 

In the same manner as the geometers and astronomers of antiquity 
bestowed many years on the practices of observation — thus, for the 
establishment of a certain method, after having constructed these 
instruments, the places of the stars were daily observed. 

After seven years had been spent in this employment' information was 
received that about this time observatories had been constructed in 
Europe' and that the learned of that country were employed in 
the prosecution of this important work — that the business of the 
observatory was still carrying on there and that they were cons- 
tantly labouring to determine with accuracy the subtleties of this science. 
For this reason, having sent to that country several skilful persons along 
with Padre Manuel®, and having procured the new tables which had 
been constructed there thirty years before and published under the 
name Lir' as well as the Europe tables anterior to those,® 

On examining and comparing the calculations of these tables with ac- 
tual observations it appeared that there was an error in the 
former in assigning the moon’s place of half a degree. Although 
the error in the other planets was not so great, yet the times of 
solar and lunar eclipses he found to come out later or earlier 
than the truth by the fourth part of a ghati or fifteen palas.^ 
Hence he concluded that since in Europe astronomical instruments 
have not been constructed of such a size and so large diameters, 
the motions which have been observed with them may have 
deviated a little from the truth.’ 

Since in this place by the aid of the unerring Artificer astronomical ins- 

* The chronology is very uncertain. Delhi Observatorj' was constructed probably about 1724 and the tables, 
it is said, were finished in 1728 ; but there is evidence that leads us to the conclusion that this preface was written 
later. (See p. 139). 

2 Uranibor:: (Tycho Brahe's observatory) in 1.576 ; Leiden 1632 ; Paris 1667 ; Greenwich 1675 ; Berlin 1705 ; 
St. Petersburg 1725 ; UpsaU 17.30. etc. 

® In 1728 or 1729 the Revtrend Father Figucredo. a Portuguese .Jesuit, went to Europe by the order of Jai 
Singh. Possibly this is the same man. Sec Lettrex p.ii/inntex et r„Wc<(scs.-^xv 269. 

‘ La Hire's Tt.hulnc Axtromnnkce wa.s published in 170 ^ gee p. 4 Father Boudier, who wont to Delhi and 
.Jaipur in 1734. actually refers to this edition. He writes ; |En se servant de la methode de M. de la Hire, edition 
I e g's tables 1702, page 53, on a trouve' que Ic eoramencement de I’eelipse aDelhi. lorsqu’il etait a Remo 11 lieuies 
40 min.ites ,55 secondes du matin, ete.,” Lettrix, etc. XV. 288. 

We know that, besides La Hir ’s tables. J.ii .'singh posse>.sc 1 those of Ulugh Beg and Flarnstei'd. The latter a 
w'lrk contains also the tables of Tycho Brahe, the Landgrave He.^.se and Hevelius, Other possible tables are the 
Ti 1‘tati Table of 1080 ; the Al/oiixine Talks. 12.52 ; Reinhold's Prussian Tables, 1551 ; Kepler's Rudalphine Tabkg 
1027 ; Ca.ssmi a tables, 1668 and 1693; Halley's tables, 1719; etc. 

* 60 j)alix-=l. ghati = 'H minutes, and 1.5 pahis=<i minutes. 

’’ The instruments used by Flamsteed (1646-1719) were an iron sextant of 6 feet radius ; a three-foot quadrant ; 
a mur.il arc of 149 degre.’S and radius 7 feet ' divided with hitherto unapproached accuracy ’ and with which ail 
his most valuable w ork as executed ; two clocks and two telescopes. For further particulars of European ins- 
tiument.s. see p. 83. 



ASTRONOMICAL OBSERVATORIES OF JAI SIXGH. 


15 


truments have been constructed with all the exactness that the 
heart can desire and the motions of the stars have for a long 
period been constantly observed with them, agreeable to observa- 
tions mean motions and equations were established ; he found the 
calculation to agree perfectly with the observation. And although 
to this day the business of the observatory is carried on, a table 
under the name of His Majesty, the shadow of God, comprehend- 
ing the most accurate rules, and most perfect methods of computa- 
tion was constructed — so that when the places of the stars and 
the appearance of the new moons and the eclipses of the sun and 
moon and the conjunction of the heavenly bodies are computed 
by it they may arrive as near as possible to the truth, which, in 
fact, is every day seen and confirmed at the observatory. 

It therefore behoveth those who excel in this art, in return for so great 
benefit, to offer up their prayers for the long continuance of 
the power and the prosperity of so good a King,’ the safeguard of the 
earth, and thus obtain for them.selves a blessing in both worlds’’. 


1 Muhammad Shah died in A.U. 1748 five years after the death of Jai .Singh. 

• There are some points about^he preface that arc not quite consistent with each other and knon n 
facts. The tradition is that the ^ Jliihamniail Shdhl was completed in A.I). 1728 and tins is. to some 
e.xtent. confirmed by the .Jaipur MS.; the preface was written some time after all the ob.servatories had 
been built, that is after 1734, and “more than 300 years " after ( the death of) Ldugh Beg fUlugh Beg 
died in A.H. 8.73, and 8.53 + 300 = 11.73 A. H. -A.D. 1740-1] The legitimate conclusion is that the preface 
was written some considerable time after the tables had been completed. 

In 1002 Garrett wrote of the Zij Muhammad Shqhi : " I have been unable to procure the .San..-kxit 

original or even a vernacular copy’’ and “up to the present time the only copy of .Jai .Singh's astronomical 

tables, or Zetch Mahommal ^ihahi, which has been obtained is a book in Persian characters Unior- 

tunately mo~t of the figures are written in a kind of cypher, and although the key to this h.as bti n 
found, the thorough examination of this work will necessarily prove along and laborious task.” (pp. 18 d. 
aud 74). The British Museum Persian MS. is in excellent condition and although the tables are, of courte. 
in the ahjad notation, there would be no difficultj" in translating them. 



Chapter III.— METAL INSTROIENTS. 


8. Jai Singh himself tells us that he first constructed, ‘according to Mus- 
sulman books’ instruments of brass such as Zdt al-Hqlaq, Zdt al-SJio'hatain, etc. 
and at Jaipur I found a unique collection of such instruments, including 
Arabic and Persian astrolabes, dating from the time of Shah Jehan. 
These instruments play a very important part in Jai Singh’s work ; to 
appreciate which a proper understanding of them is essent’al. Enquiries 
in other parts of India resulted in the discovery of an excellent astrolabe in 
the Indian Museum, Calcutta ; and one of rather inferior workmanship at 
Lahore. Tod tells us^ of a dial “ on the terrace of the palace of Oodipoor, and 
various instruments at Kotah^ and Boondi, especially an armillary sphere, at 
the former, of about five feet in diameter, all in brass, got up under the 
scholars of Jey Singh.” At the Lahore Exhibition of 1864 certain brass 
astronomical instruments from Kapurthala and other places were shown ; these 
Included “ two fine astrolabes,” one spherical and one plane, and several dials. 

The metal instruments actually examined, most of them at Jaipur, weie 
as follows : — 

A. — Astrolabe. Diameter 13 inches. Seven tablets. Jaipur. Figures 5 

and 7. 

B. — Astrolabe dated the 31st year of the reign of Shah Jehan and A.H. 

1067 ( = A.D. 1657). Diameter 13 inches. Jaipur. Figures 6 and 8. 

C. — Astrolabe. Designed by Muhammad Amin bin Muhammad Tahir and 

engraved by A’bdul Alimah. From Herat. Diameter 7’3 inches. 

Indian Museum, Calcutta. Figures 9, 12, 15 and 16. 

D. — Astrolabe. Diameter 6 inches. Jaipur. Figures 11 and 14. 

E. — A Zarqali astrolabe dated the 23rd year of the reign of Aurangzib and 

A.H. 1091. (=A.D. 1680). Made for Nawab Iftikhar Khan by a 

certain Zia-al-Din. Diameter 2 feet. Jaipur. Figures 19, 20, 21, 22. 

F. — Astrolabe. Brass, 4’3 inches in diameter. Lahore Museum. 

G. — Hindu Astrolabe. Diameter 16 inches. Jaipur. Figures 26 and 27. 

H. — Jai Singh’s iron Yantra Bdj. Diameter 7 feet. Figure 28. 

I. — Jai Singh’s brass Yantra Raj. Diameter 7 feet. Figure 29. 

J. Unnatamsa Yantra. A graduated brass circle 17i feet in diameter. 

Jaipur. 

K. — Chakra Yantra. There are two at Jaipur 6 feet in diameter and 

one at Benares 3 feet 7 inches in diameter. Figures 57 and 65. 

L. — Krdnti vritti Yantra. Jaipur. Figure 58. 

M. — Hindu Astrolabe. Jaipur. 

N. — Rhruva-hhrama Yantra or ‘ Circumpolar instrument ’ Jaipur. 


» Vol. II, 359. 

• See p. 34 for an account of an instrument presented by the Rajah of Kotah to the Government 
of India. 
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O. — Armillary sphere at Jaipur. One also at Kotah. 

P. — Arabic Astrolabe. Brass, 5' 7 inches in diameter. Delhi. 

Q. — Persian Astrolabe. Brass gilt, 3'75 inches in diameter. Delhi. ^ 

E. — Hindu Astrolabe. Copper, 7 inches in diameter. Delhi. 

Of these it is possible that all except ' C ’ belonged to Jai Singh and it 
is pretty certain that a number of his instruments have been lost {e.g., see 
page 31). The most important are A and B (which, for convenience, I 
term ‘Jaipur A" and ‘Jaipur B) and the Zarqali instrument E. ‘Jaipur A’ 
and ‘Jaipur B’ are of extremely fine workmanship, while E is an interesting 
example of a type hitherto seldom described in detail in European works. 

The Astrolabe. 

9. Of these metal instruments the astrolabe appears to have played the 

most important part in Jai Singh’s work. Indeed in the middle ages the 

astrolabe was one of the chief astronomical instruments. The Arab.s perfected 

it at a very early date and it remained one of the principal astronomical 

instruments until about the 17th century, and is still used in the East for 
astrological purposes. It was usually of brass^ and varied in diameter from a 
couple of inches to several feet. The mariner’s astrolabe (as used by Columbus) 
was adopted from that of the astronomers about A.D. 1480 but was superseded 
by Hadley’s Quadrant of 1731. The famous scholar Gerbet, w'ho afterwards 
became Pope Sylvester .Ji, had such skill in making astrolabes, etc., that he 

was supposed to have sold his soul to the devil. There are many references 
in mediaeval literature to the astrolabe. More than three centuries before Jai 
Singh, Chaucer wrote his Treatise on the Astrolabe. “ Trust well,” he says, “that 
alle the conclusions that have be founde, or else possibly might be founde 

in so noble an instrument as is an Astrolabe been unknowe parfitly to any 

mortal man in this regioun, as I suppose.” 

10. The type of astrolabe principally used by Jai Singh was the flat 

astrolabe or astrolabimn 'planisphcenm, in Arabic called Zd< al-Safd‘ih (‘Consisting 
of tablets’) like ‘Jaipur A‘ and ‘Jaipur B’, to which the following description 

particularly applies. 

The corpus astrolabii is a circular disc with a raised edge into which fit the 
several parts of the instrument : 

(i) The containing disc is termed the mater^ (Ar. umm) and the inner part 
of this is the venter^ while the raised edge is called the ku§a or rim.^ The venter is 
often inscribed with latitudes and longitudes of important cities.' (Figures 13, 
14, 15). 

* Gower refers to one of gold : “With him his astrolabe he name, which was of fine gold precious, 
with points and circles marveillous.” 

The Granada astrolabe described by H. S. Cooper {JRAS 1904, 53f) has silver knobs on each pointer 
of the 'anl-abut in the British Museum arc several inlaid with silver ; and others evidently had some sort of 
jewel fixed in the l-iirsi (see fig. 12) Gilt instruments are not uncommon. 

* Moder, mother, rotula ^ = Also ira;7i or face. 

* Also called Margilabrum or Limbus, J^a/ra (side) etc. 
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{ii) The ‘anhabut or araneo} is an open work disc marked with the ecliptic 
the signs of the zodiac and a number of stars. It is placed in the venter 
and can be revolved. The branches on which the names of the stars are 
written and the points of which indicate the positions of the stars are termed 
shazdld or ‘ splinters.’" The pointer at the top of the ‘ankabfit at the first point 

of Capricorn is termed the muri or index.® (Figures 5, 6, 9 and 10). 

{Hi) Several thin discs or tablets^ marked with ahnucantarats^ , azimuth circles, 
hour circles, etc., for various latitudes, etc., fit into the body of the astrolabe, 
(Figures 17 and 18). 

{iv) The alhidade or*' sighter revolves round the centre on the back of the 
mater. Each arm has a perforated libna^ or ‘ tile ’ which is sometimes hinged on 
to the alhidade. European astrolabes sometimes had another marker or label® 
without sights for use on the front of the instrument. (Figure 7.) 

(v) The tablets and alhidade, etc., are fixed together by a pin (Ar. qufb''* 
which is fastened by a wedge termed by the Arabs jaras or ‘horse,’ and often 
fashioned into some resemblance of a horse's head.^° (Figure 24). 

(vi) The whole is suspended by a ring (Ar. halqa) joined to the ‘iinvali or 
handle, which in its turn is riveted to the projecting part, 'kursi or throne, of 
the mater. To the halqa was sometimes attached a cord (Ar. ‘ildqa). 

{vii) The back of the astrolabe (Zahr al-uHjuidb) in all cases has an outer 

graduated scale, two upper quadrants and certain shadow scales. It is often 

inscribed with tables of use to the astrologer and geographer : the details vary 
greatly. (Figures 7, 8, 11 and 12). 

The sighter and graduated circle (fig. 7 ) on the back of the astrolabe 
form the part of the instrument used in actual observation ; while the ‘tablets’ 
and the ‘ (oikabut (which rotates) and the graduated circle on the raised edge 
{kafjo) of the mater form a very efficient calculating machine. 

The Tablets (Safaih). 

11. The ordinary disc or ‘tablet ’ is marked on each side with stereographical 
jirojections of the horizon and almucantarats. azimuth and hour circles for a 
particular latitude and also the equator and tropics. 

* AImi .iluitin knh , net. ri’tc ; AlaiK’.ibutli ; Volvi’llum, etc. 

- Jhr I'l-Kiural.di. ik-cI'c.. of tlie star', etc. 

“ Muii rat (il-imri (index of tlie he.iil of Ci|iricorn); Afinury. O'tensnr, Denticle, etc. ‘"Thin Almurv is 
clejjeil the Denticle of ( .1 pricorne. Till' .'aiiic alinurv ^it fix in tlie hed of caprieorne." Chaucer. I 2.3. 

■' -Ir. S'(/, S.iplii.ili'. Tviiip.iiia. T.iliiil.e regionum, etc. 

■'t'ore/i /e'oi/r' (Ar. ///i/'/iiiUu/'ii/). 

'.Ir. 'iz'uhi. 'door po't ' ; Dioptrn. We.ln Iimiin, Verticulum. Alidade, etc. Tanner (l.",87) dc'crilies the 
aliiidade thii' ; '• .Altiiada or iiiciIk liiiiiim. in which are put two little pins or tables to take tin- hcitrlit of 
the sun 111 the day and of the stars at night, of which one .side goeth through the centre of the astrolabe 
IS called the line of trust, because it bringeth credit of tliing.s practised there." 

‘ T.ibell.i. Pinna. Piiinula ; hdihif. thijit. 

' Ustensui. index, petite r.nie. etc. 

’.Axis. ilavU'. exiltre. iilehitot. cavilla. etc: rnihirnr (axisf. icnfud (stake), 
t’ siec D and E (tig. 21). The former ( D) is from the India Office Persian astrolabe and E is taken 
from the British Wuseum JI8. of Mas-a Allah's work. .See also page 63 and figure 68; and Xaliiiio 
..1-Battani I, 31‘J. 
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The almucantarats are circles of altitude/ the almucantarat of zero altitude 
being the horizon {EHW in plate Y). In the diagram almucantarats are 
drawn for 60°, 40°, 20° (as well as the horizon, 0°) and are marked ato, a. 2 o- 
The number of almucantarats varies in different astrolabes : if there is one for 
each degree of altitude the instrument is called tamm or “ complete ’ ; if for 
every other degree it is termed nisfi, ' bipartite ’ and so on. Jaipur A and B 
(figures 5 and 6 ) are tamtn or ‘ complete’ ; Herat C (figures 17 and 18) is nisfi ; 
while ‘ Jaipur D ’ (figure 10 ) is sud^i or sexpartite. 

Azimuth lines are drawn at right angles to the almucantarats.- These are 
seen in figures 17 and 18 /and in plate V portions of certain azimuth circles 
Z 565 Z 42 , etc., are drawn. In some tablets these azimuths are continued 
below (to the north of) the horizon. 

Temporal hours.— The temporal or unequal or planetary hour lines are shown 
in figures 17 and 18 and in plate V by the broken lines b, to, etc.® They 
divide the time between sun-rise and sunset into twelve equal portions and 
therefore vary in length from day to day. These divisions of time gradually fell 
into disuse (see page 87) and equal or equinoctial horn’s were introduced. These 
are shown in figures 18 (but not in figure 17) and in plate V they are marked 
gj Cl, e., e-i, etc. 

Houses. — The tablet is sometimes divided into twelve astrological ‘houses.’ 
The boundary lines of these are seen in figure 17 and in plate V are marked 
7q ho Hhs, etc.* (See appendix B). 

Longest days and latitudes. — The latitude for the particular tablet is gene- 

, ^ Let ABCD (Plate Vj rei)resent the tropic of Capricorn and CVI the meridian, and let the arc 

A F measure the obliquity of the ecliptic, then the point S on the intersection of R F and .4 C is on 

the equator and -S'R’.VB' represents the equator. E being the eastern point. Similarly by drawing Os 
parallel to OF we get s, the southern point of the tropic of Cancer and -sC the diameter of the ecliptic. 
The angles SL and WL. measure the latitude ($) of the place, and by joining LE and i-^E wo get Z. 
the zenith, and H, the meridian point on the horizon. The opposite point on the horizon is H, where A’ A, 

{ = if) meets the meridian line FS produced. To obtain a circle (almucantitrat) for altitude a mark Htf 
angles ($±^90°) from S, the south point of the equator, (jiositive direction S 11') and join both thc.?o 
points to E, the east point on the equator : the distance between the points intercepted on the meridian lino 
V 8 is the diameter of the circle of altitude a. 

^ In the diagram VLs =SL = f, the latitude of the place, and El, cuts the meridian line Ah'? 

in the nadir n. The horizon is graduated by joining the zenith, Z, and the graduations on the equators 

and each azimuth circle passes through the zenith, nadir and the point on the horizon to which it per- 
tains. while the centres of the azimuth circles lie on the line parallel to EfV and bisecting Z/i. 

® To draw the temporary hour circles divide the day portion (that is the portion below the horizon 
in the diat'ram) of each of the three circles — the tropic of Capricorn, the equator, and the tropic of Can- 
cer into twelve equal parts and draw circles tj t,. I, G ,' etc., through each trio of corresponding parts. 

For the equal hours draw through X, the centre of the circle of the horizon, a circle concentric with the 
equator and tropics. Graduate this circle at intervals of 15 degree.s .starting from the south point and 
proceeding westwards. With the south point and in sueces.sion the other points of graduation as centres, 
and radius equal to the radius {XII) of the horizon draw' arcs rpi. f,',. etc., from the circle of Capri- 
corn to that of Cancer. (These arcs will pass through the ecpial divisions of the equator, already marked 
for temporal hours). The result of this construction is that any point on the ecliptic, as the 'ankabut is 
rotated, passes from one equal hour line to another in one twenty-fourth of a revolution. 

* The lines that divide the houses pass through H and Hi, the points common to the horizon and 
meridian, and points on the Equator at intervals of 30 degrees starting from the Ea,st and West l.ne. 
Their centres lie on the line that passes through X (the centre of the circle of the horizon) and i.s parallel 
to the East and West line. The points of intersection of these house lines with the Ecliptic are termeo" 
cusps. (Fur further details see p. 120 and STOFL^iR^EluciJalio fabricic uguo<pic ri>'!rululii 

c d 
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rally written just below the ufk or oblique horizon, EWH, on the right of 
the meridian line ; while in the corresponding place on the left of the meridian, 
the length of the longest day of the year for the particular latitude is generally 
given. In figure 18 for example we have 


Hours 


Latitude 


13 47 


28 


In some cases the name of a city is also given. For example ‘ Delhi R ' has 
“ Avamtikayam 22 and “ Amadavad' 23.” 

{vii) Special Tablets . — In the ordinary astrolabe the number of tablets 
varies to as many as nine — not counting the ‘ankabut. Generally one is a spe- 
cial disc for horizons on one side and celestial co-ordinates on the other and ’ 
occasionally there are other special tablets : the rest are the ordinary tablets, 
already described for several latitudes. 

Horizons. — The tablet of the horizons (al-Safihah al-dfdqiyah) is shown in 
figure IG. The horizons are arranged in four sets — one set in each quadrant 
consisting of six or seven horizons — and below each of these sets are two 
scales termed al-mail al-kulti {shamdli or januhi) or the total obliquity (nor- 
thern or southern). 

‘ Ankabut co-ordinates, — On the other side of the ‘tablet of the horizons’ is 
generally the ‘ tablet of the latitude of the complement of the total obliquity.’ 
This really gives the celestial co-ordinates (longitude and latitude) and by its aid 
the positions of the stars on the ‘ankabut can be at once read off. Morley 
seems to have thought^ that this was an ordinary tablet for latitude 66^’’ N. 
but it is quite rightly described as Safihah mizan al- ankabut, ‘ the tablet of 
the measure of the ’ankabut.’ It occurs in most of the astrolabes I have examined. 

(ih) The Lahore Museum astrolabe has a tablet for the latitude of the equator. 
Here the oblique and straight horizons coincide and this line is marked al-maghrih 
al-ard lali ‘the west— no latitude’ and al-mashrik al-ard lah, ‘ the east no latitude.’ 
Below the horizon are concentric semicircles which appear to be circles of declina- 
tion : a similar tablet is in the ‘Delhi Q’ instrument.® Another curious tablet 
belongs to the Jaipur Hindu nisfl astrolabe (described below p. 31) and is for 
latitude 72° North. It has engraved upon it only the three circles and the 
almucantarats (none being numbered — the only number inscribed being ‘72.’) 
The India Office Hindu astrolabe contains a similar projection, but more complete 
and is marked aihsa 72, Jiord 23. 

1 Avamti is Ujjaiii, the latitude of which is roughly 23“ 10'. The latitude of Ahmedabad is approsi' 
niately 23“ O'. 

• .Morley says : “ These last twy mentioned Saflkahs appear to have been used as models for the cons- 
truction of the ordinary tablets " but he is not altogether right in the second case. 

•'Mrrlcy (pp. 12 — 13) descritfes three tablets for 'no latitude’ and gives diagrams (XX, ^7, 18 and 
Ift). One belongs to the India Office Persian Astrolabe, another the Vaux astrolabe, the third is the India 
OUce Hindu astrolabe. 
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In an astrolabe (Delhi Q) that was shown to me in Delhi there are two 
other types/ (i) a tablet with co-ordinates for latitudes 30“ (13*’ 56™) and 28° (13*’ 
46™) engraved on the same side and a similar one for latitudes 40 (14*’ 51”') and 
62°/ (n‘) a tablet split into two halves along the meridian, for latitudes 32° 
(14*’ 6“’) and 36° (14*’ 26’”). 

12. ‘ Ankahut {aranea) or shabakah {rete). The ‘anJcabut or ‘spider’ is an open 
work tablet so arranged that the one below it may be conveniently seen 
(Figures 5, 6, 9 and 10). It exhibits a graduated ecliptic circle* with the signs of 
the zod^^ and a number of the more important northerly stars. The points 
(sliasdtd) of the net work indicate the positions of the stars, the names of which 
are engraved on the branches. The number of stars vaiies with the size, etc., of 
the instrument. The small Jaipur astrolabe (D) has 25, the Shah Husain 
instrument has 63, etc. 

The ‘ankabut is generally the most ornamental part of the instrument : it 
is sometimes inlaid with silver ; Jaipur A shows the forms of the constellation 
animals, etc. The ‘ankabut is not used in a fixed position like the other 
tablets^ but can be rotated and thus is employed^ in combination with the tablet 
placed below ^ for finding the position of any star at a given time, the ascen- 
dant or ‘horoscope,’ the time and length of the day, etc., etc. 

13. Back of the Astrolable (Zahr al-Aiturldh). 

The back of the astrolabe is usually covered with a great deal of in- 
formation, useful principally to the geographer and astrologer. The several instru- 
ments differ in detail/^but the general arrangement is much the same. The 
contents may be roughly classified thus : — 

(а) The upper half of the periphery is graduated into degrees, etc. 

(б) The South East quadrant^ consists of a graphic table of sines. 

(c) The South West quadrant" is in.scribed with declination graphs, etc, 

{d) Shadow scales (lower periphery and central rectangle). 

(e) Tables of signs, mansions, planets, terms, faces, etc. ; generally con- 
tained in the inner semi-circles of the loAver half of the disc. 

Special tables contained in rectangles such as : 

(/) The times of the rising of the signs (In the centre of figure 8). 

(^) Trigons or triplicates and their regents. (In the centre of figure 12 and 
right of figure 7). 

(/i) Table of climates/ (Lower part of figure 7). 

{i) Differences between true and nominal years (Left of figure 7). 

{a) The periphery of each of the upper quadrants is graduated into degrees 
commencing from the east and west points. In ‘ Jaipur A ’ (figure 7) the degrees 
are divided into quarters. In conjunction with the alhidade or sighter these 
graduations were used for measuring altitudes and other angles. 

1 The diameter of the ecliptic is the distance Cs or .-Itj (rktc V) letwcen the intersections on the 
meridian line N S of the trojiics of Capricorn and Cancer. The graduations of tl.c ecliptic lie on the 
line joining the pole of the ecliptic to the corresponding graduations on the equator. The pole of the 
equator is, of course, at the centre of the disc, while the pole of the ecliptic is at a distance from the 
polo of the equator equal to the maximum declination (approximately 23,°). It i.s sometimes marked 
Qutjih ui-biinij. 

‘ The south point is at the top of the disc. 
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(b) The ‘quadrant of sines’ occupies the south-east quadrant and occurs in 
most instruments. In some instruments the vertical radius is divided into sixty 
equal parts and lines parallel to the other radius are drawn to the circumference 
from each point of division (figure 12) ; in others both radii are so divided and 
horizontal and vertical lines are drawn from each point of division (figure 8) ; in 
others horizontal lines are drawn from each degree on the quadrant. The 
vertical and horizontal scales indicate the sines and cosines of the correspond- 
ing angles. In the description of the Zarqali astrolabe below (p. 29) the use 
of these scales is explained in more detail. In some instruments arcs for 23|°, 
30^’, etc., are de.seribed. 

(c) The south-west quadrant in most instruments exhibits a sort of yearly 
calendar. The horizontal and vertical radii are divided into six equal divisions' 
figures 7, 8). From the points of division arcs are described and the names or 
numbers (figure 11) of the signs are written in the spaces, six on the horizontal 
radius and six on the vertical, in the following order — 


Vertical . 
Horizontal 


3 

4 

5 

6 

Cancer 

Leo 

Virgo 

Libra 

Cleniini 

Taurus 

Aries 

Pisces 

2 

1 

0 

11 


7 8 

Scorpio Sagittarius 

Aquarius Capricornus 

10 9 


This division, combined with the graduated circumference forms a scale of 
circular and angular co-ordinates, and on this scale are traced various kinds of 
graphs'- showing for example — 

(0 The relation between the sun’s right a.scen.sion and meridian altitude 
(figures 7, 8 and 37) ; 

(ii) The meridian altitudes for certain latitudes (figure 12) ; 

(Hi) The altitude of the sun when it travenses the azimuthal circle of the 
Ka'bah at Mecca) 

{ir) The temporal or unequal hours (figure 11). 

(fj) There are generally four sets of shadow scale-s" two on the periphery of 


Mu the Herat (tigiire 12) and the .Shilh Hu,ss;iin in>-trumeiits the main divisions are not e:,ual but proper. 

tional to the sun's decl.nat'on. 

2 Figure 37 .Uiows iiow the curve (i) is constnieted for ktitucle 27 N. For each pair of signs radii 
marking tlie angle of the meridian altitude of the sun are drawn, and the points of intersection onhese 
ladii with the corresi'onding nics of the signs are joined. To make the graph perfectly correct intermediate 
points niU't, of couise. also be fixed. Figure II show.s the unequal hour curves. According to Helambre 
{Astro’ioiiiif (hi Miii/m Jiji', p. 243) thi... is lir-t deseriled in a small work by Sacrobosco (circa A D 1250) 
It occurs on many old a-trolabes. but it gives only roughly appro.ximate results. To construct these hour 
lines the arc of the quadrant is divided into six equal parts and a, semi-circlc erected on one of the bound- 
ing radii. This is the sixth hour line and the others are arcs of circles of which the centre.s are on the 
same radius, but at points equidistant from the eentie of the quadrant and from the successive points of 
division on the arc of the quadrant. 

Figure 23 shows how these scales are constructed. There are generally two kinds of scales— one 

fur a 7-unit gnomon and the other for a 12-unit gnomon. The semi-eirclc n c f is bisected at c and 

and r f are bisected at b and d. The line M. which is hiseeted at c\ is the basis for both scales • the 

part bA 1- di\i.led into 12 equal divisions and c» (/into 7 equal divisions and these graduatioms are eonti 

lined on their ns|,eetive side.s as far as is convenient. Lines joining the points of division with the centre 

cut the arcs and the small central rectangle and form on them the shadow scales On x 

III. 1 .1 - , ein most astrolabes 

12 unit scales are on a h c and K g. etc. ; and the (-unit scales on C€ and il The 7.,vo-i- . , , 

* 1 . u astrolabe 


the 

ha^. in pi .Cf 


. . ^ . -- - c. .C4<u4aii astrolabe 

of me central rectangle, the .smaller senu-eircle, /i graduated. Variations occur e o 

’ Ilf* iil>if'f*rl Vi^rt if>4i Hv* tlirniifrK h * *•/• 1 


the basis line (he’) may be placed vertically through 6 and then graduated. 
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the lower half of the disc and two in the central rectangle. In the Zarqali 
instrument, however, the latter are replaced by a pair of central circular shadow 
scales (figure 19). Given the length of the shadow in terms of its gnomon — by the 
aid of tire shadow scale and the alhidade the degree of altitude of the sun 
and the time can be found. 

(e) In most of the instruments the inner semi-circles of the lower half of 
the disc give lists of the signs, manzils, terms, faces, etc. These tables are 
generally for astrological purposes and they are explained in some detail in a 
note on astrology appended to this volume (appendix B). 

Some of the special tables are of great interest. The following are 
taken from A, B, and C (figures 7, 8 and 12). 

(/) A table of rising signs is given in the central rectangle of ‘ Jaipur B.’ 

Table of times of rising of the signs for the latitudes of certain cities in India. 



39 

38 

37 


36 

33 

34 

33 


32 

31 

3rt 

29 

28 


7 


6 ' 

■’^.5 

2 

4 


23 


22 

21 


20 

Latitcdfs. 


TT M 

H. 

M. 

t 

H. M. H. M. H. 51. H. 51. H. 51 

H. 51 

H. M 

H. 

M. 

H M. H. 

51 H. 

51. 

II. -M. H. M. 

H. 

51. 

H 

.'1 

H. 51. H. 51 

II. M. 

SIGNS. 

fl 

1 

14 

1 

15 

1 16 

1 

18 

1 19 

1 2it 

1 21 

1 


1 24 

1 

25 

1 26 


27 

1 

28 

1 

29 

1 30 

1 

:u 

1 

32 

1 

33 

1 34 

1 

35 

ViSCC’3 

Aries. 


1 

28 

1 

29 

1 31 

1 

32 

1 33 

1 31 

1 35 

1 

36 

1 37 

1 

38 

1 38 

1 

39 

1 

40 

I 

41 

1 42 

1 

43 

1 

44 

1 

44 

1 45 

1 

46 

AqiiTinus 

Taurug. 

It 

1 


1 

57 

1 57 

1 

57 

1 57 

1 58 

1 58 

1 

58 

1 59 

2 

0 

2 0 

•7 

0 

•> 

1 

2 

1 

2 2 

•> 

2 

.7 

o’ 

.7 

3 

2 3 

2 

3 

C'apricornu4 

Geiuiiii. 



































L 

0 

00 

2 

21 

2 21 

0 

20 

2 2g 

2 2ii 

2 19 

2 

19 

2 IS 

- 

IS 

2 17 

.7 


.7 

** 

17 

2 

16 

2 16 

2 

26 

- 

r. 

•> 

15 

2 15, 

•7 

14 

Sagittarius 

f.incer. 

k 

'Z 

31 

2 

3(1 

2 29 

0 

28 

2 27 

2 26 

2 25 

.> 

24 

■2 22 

••> 

22 

2 21 

2 

29 

2 

19 


18 

2 17 


17 

.7 

16 

2 

10 

2 14; 

2 

14 

.Scorpio 

Leo. 

A 

2 

3U 

2 

28 

2 27 

0 

26 

2 2 

2 21 

2 22 

•> 

n 

2 29 

•> 

19 

2 18 

1 

.7 

16 

.7 

15 

.7 

14 

2 13 

•7 

22 

.7 

11 , 

, j 

•) 

19 

2 10 

.7 

9 

Libra , 

Virgo. 


This table and the rule on which it is based played a very important part 
in medieeval astronomy and astrology.' 

{g) Trigons. — On the right of the lower half of ‘ Jaipur B ’ (figure 8) and in 
the centre of C (figure 12) is a table showing the regents of the trigons, etc. 


Nature of the Trigons and their Regents or Lords. 


Xatnre of the 
Triplicities. 


Ticry, 



Karthy. 


Airy. 


i 

Wati ry. 


Day Lords 

.Sun 

! 

, ^ Jupiter . 

Saturn . 

Vcuus 


Mood . 

5Iars . 

Saturn . 

ifcrcurt 

I 

j Jupiter . 

Venus , 

1 1 

. i -Mars . i 

5100113. 

Triplicities 

Aries 

, , Loo . 1 

: 1 

Sagitturius 

Taurus 

1 

Vjruo . 

1 

C.ipric* 

ornii'.. 

Gemini . 

1 Libra 

j AijuariiH 

Cancer , 

. 1 Scorpio . j 

risees. 

Is'iglit Lords 

Jupiter . 

j Sim . 1 

Saturn 

5Ioon 


[ 5 onus , 

51ar'J 

5Icr<‘ury 

i '^afurn . 

] Jupiter . 

5rars . 

. ‘ W'niis . J 

-Moon. 


The triplicities or trigons are groups of three signs .’each of which is 
situated 120 degrees from the other two. It will be noticed that Saturn, 
Mars, Jupiter and the Moon occur in their respective triplicites both as day 
and night regents and they are sometimes therefore termed ‘common regents’ 
(See Appendix B). 


1 See Book ii of the Almaijext ; al-Battani Ojiii-i AMronominon 2nrl Part, p. 6.jf ; the Sur'/a 
SMhfnila ii, OOf. etc. ; also the note on astrology (Appendi.x B). From the formula Shi a, =tan !p. tan 1, 
,here(t>is the latitude and S the declination the so-called a-<ce)isioiiril ditjinncts are calculated; then 


nin .‘10’. cos ic . , , , sin 60 =. rns ai 

froi'i sin hi =- — „ > sin {hi -f- c>2l= —5 , sin (hi -f- h^ 

COS 62 Ctlo 

calculated ; and finally ^ ^ ^ 'a ^3 — ^3 

and so on since = ^3, ^3 = ~ ^4 ^ 


^3') = 1 the values of b 
i' ~ b^ — -f- = fig 


arc 

-f* f'a 
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(A) Climates. — The table of climates occurs only on Jaipur A {figure 7) 
towards the bottom of the lower half of the disc. 

Table of climates. 


Cljmates. 

j First. 

Second. 

Third. 

Focp.th. 

Fifth. 

Sixth. 

Sevext b. 

Beginnings (h) and 
middies (?«) 

i 

b m 

b m 

b m 

b m 

b m 

b ra 

b m 

Latitudes 

1043 mi4 

0031 24^® 

0731 3o« 

33“ 36-» 

39' 41" 

4330 4539 

4738 488 » 

Hours 

^ 1045 130 

I 31 " 13’“ 

131 * 14" 

1415 1430 

1445 150 

1515 1530 

15“ le" 


This topic of ‘Climates ’ recalls a most interesting chapter in the history of 
civilization. It exercised the attention of such astronomers and astrologers as 
Eudoxus, Eratosthenes, Hipparchus, Manilius, Ptolemy, Dorothea of Sidon, etc., etc. 
The subject presented difficulties. The number of climates assumed varied., 
but generally a chorographic system^ which applied the seven planets to the 
seven zones or climates^ prevailed. Also, according to Paul of Alexandria, 

“ each sign corresponds to a climate or parallel, and by virtue of its Trigon 
to each quarter.” For the mathematicians the problem was to find a progres- 
sion corresponding to ascensional differences. They took the length of the day 
as the measurej and progressed from one chmate to another by half hour steps. 


(See appendix C.) 


{{) The year.— The rectangular table to the left in Jaipur A {figure 7) shows 
multiples of the differences between the approximately correct length of the 
tropical year and 365 days, thus : 



The table gives n{87'^ 33' 6") — a. 360'’ where n ranges from 1 to 9 and 
trom 10 to 90 and a is a whole number.- Now 87° 33' 6" expressed in time 
iso hours 50 minutes 12-4 seconds and the length of the tropical year was 
supposed to be 365 days 5 hours 50 minutes 12-4 seconds.® 

, . IS'T’ + 2h ' 

* The measure of the longest day is where sin h = tan tan to. 

* For example 106^ 3:i'-30 (87" 33' 6')— «.360 - 2626“ 33'— nr.36n“ =^7.366° + 106“ 33'— f/..360“ and a = 7. 

^ A British jiu eum astrolabe dated A. H. 10', 0 (=A.D. 1659-60) by ilahammed Mokim o' Lahore gives the 
s ,me tabic. 

Al-Battani gives 86“ 36' and Nallino gives the following note Ilabash in suo astronomiie libro narrat 
partem e.xeedentem revnlutionis {ftizl al-davr), scilicet quantitatem (gradibus expressam) qua Solis totus ambitus 
,365 dies cxeeilit. inventani esse ab astronoinks khalifae al-Ma'miin : — 

in specula al-Shammasiyyah . ....... 86“ 43' 39" 36"' 47'’ 

Daniasei in urhe ......... 86“ 41' 2.5" 14'" 9'’ 

a Yahy'a bn Abi Mansur ........ 86“ 35' 13" 46'" 


In tabuli.s suis liabash primam quantitatem reeepit, rotunde scriben.s 86“ 43' 39" 37'", vel, gradibus in 
tempos oonversis. 5'' 46 " .54’ 36' etc." Opus Astronomiciim i. pp. 42 & 211. 

The present length of the tropical year -xprossed in mean time is 365 days 5 hours 48 minutes 45-5 seconds 
or 365-2422 days nearly. 
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14. The face. — {\Yajh) or Venter. — ^The inside surface {venter) of most of 
the astrolabes is engraved with a list of cities and their latitudes and longitudes 
and sometimes their position relative to Mecca. ^ The last is indicated by the 
inhirdf or ‘inclination’ and the masdfat or "distance’ and jihat (side or point 
of the compass). The inhiraf is the arc of the horizon intercepted between 
the meridian of the place and the vertical circle passing through the zenith 
of Mecca." The Masafat is the distance of Mecca measured along a great 
circle^ and the jihat is the quarter of the horizon in which Mecca lies. 

Jaipur B (figure 13) gives the longitude and latitude of 210 places and 
also the districts in which they are situated but does not give the inhiraf etc.; 
Jaipur D gives 36 towns ; the Herat astrolabe (C) gives 44 places with the 
inhiraf and jihat ; the Shah Hussain instrument gives 103 places with latitude, 
longitude, inhiraf, masafat and jihat ; the Lahore astrolabe gives also 36 places 
with latitudes and longitudes only. A selection frcm these astrolabe gazetteers 
is given in an appendix (pp. 127-8). 

The longitude is in all cases reckoned from the ‘ Fortunate Islands,’ Com- 
pared with a modern atlas the differences for a few selected'* places are — 


Maraghah . 







Longitude 

ciilleie.'.cc. 

. 35° 43' 

Latitude 

d.tference. 

0° 1' 

Baghdad 







. 35° 22' 

o 

O 

Shiraz 







. 35= 20' 

o 

o 

Nisabur 






. 

. 33= 50' 

o 

o 

Yezd 







. 34= 30' 

0° 22' 

Isfahan 







. 34° 56' 

o 

O 


The difference in latitude may be taken as some criterion of the accuracy 
of the determinations, but it must be remembered that the precise localities of 
the observations (old and new) are not known. ^ 

The longitude differences point to some place about 35 degrees west of 
Greenwich as the point of origin. The zero meridian therefore passed through 
the Azores. In this matter the Muhammadans copied the Greeks who fixed 
upon the ‘ Fortunate Isles,’ po.s.sibly, as the western end of the world. These 
‘ Fortunate Isles ’ were originally imaginary islands where the souls of the good 
were made happy, but later the name became attached to the Canary Islands. 
In the Ain-i-Akharv’ we read : “ The Greeks commence their reckoning from 
Khalidat which are six islands in the western ocean, which in ancient times 
were inhabited, but now are inundated, etc. ’ 

1 Sfe the excellent litGc book rariplimse ih Vaslrflihr written in A.D. lj.j.5 by JiKiu s Fociircl eJe 

Montpclticr, who terms the venter • Jliroer du Monde ' aiul g ve- on it an actual map of the wrrld (i. KteV). 

“The (ingidus positionis of the old geographers. See al-Battani i. 136-7 ; L. A. Seddlot's Memoir(. 97f.; 
the Suzat al-Qiitub (Ed. 9. le .Str.inge) [e 26 ; &c. &e. 

’ The values given on all the instruments examined for the.se six places are the same ; at Maraghnh, 
Baghdad and Nisabur were important observatories. 

* One second of longitude at Delhi is roughly equivalent to about 30 yards ; very rourrhly a mile to a 
minute of arc. (At latitude 30° N. one degree of longitude =96489 meties = o9-97 miles.) 

^ Ed. Gladwin ' ii^ 351. 


D 
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Some of the towns and their positions are given below : — 


Niime of Town, 

1 

Longitude with i 
re'erence to 
r A in 
figure 21. 

latitude with 
rererenee to 
DBm 
tijjurc 21. 

Longitude with 
rfiorenc' to 
Bazhd^il as givc-n 
ou Jaipur B. 

Latitude as given 
on Jaipur B. 

I 





o ^ 

1 ! 

c 

0 

/ 

1 0 / 

Halb (Aleppo) 

■ 

• 

• 

—8 

«•)< 

10 

CO 

-1- 

— 7 

50 

+ 35 30 

Xus . . • ■ • 

• 

• 

• 

+ 13 

-f3i 

+ 12 

30 

+ 37 0 

Kabul ..... 

• 

• 

• 

+ 24.1 

+ 34 

i +24 

40 

+ 34 7 

.Jahanabad (Delhi) . 

• 

• 

• 

-34 

+2S1 

' +33 

33 

+ 28 30 

Lahore ..... 

• 

• 

• 

+291 

+31 J 

! +29 

i 

20 

+ 31 50 


19. The obverse of the disc (figure 19) contains the f o llowin g scales and 
tables^ which are, more or less, common to all astrolabes. Reading from the 
circumference towards the centre they ' ■ arc 

(a) The two upper quadrants ^re graduated for every three degrees 
(numbered in the abjad notation) also in degrees numbered in Arabic 
numerals from 1 to 90 and in one-sixths of degrees or every twelve 
minutes. 

(h) The periphery of the lower quadrants is graduated by shadow scales — • 
on the left a ‘ twelve scale \ and on the right a ‘ seven scale 
(See p..'_’). 

(c) The next complete annulus contains the signs of the zodiac .which are 

accompanied by graduations down to intervals of twelve minutes. 

(d) Next are the manzils or ‘ mansions of the moon 

(e) The planet.s — twelve to each sign — with graduations for every 21 degrees. 

(/) The planets — nine to each sign — with graduation for every 3°^0.' 

(g) The planets — five to each sign — with their limits or terms indicated. 

(h) The planets — seven to each sign — at intervals of 4f- degrees. 

(i) The planets — three to each sign-r-These are the ‘ faces ’ of the particular 

sign. 

(j) Again three planets to each sign. 

(/■) Another pair of shadow scales. 

(/) Separated from the others by the .smaller .^ihadow scales (k) are the names 
of the European months with a scale showing the days of each month, etc. The 
instrument wa.s made in A. D. 1080 and correctly indicates that .spring commenced on 
March 10th. 

20. The central part of the disc consists of a projection of a sphere and a table 
of sines.- These are illustrated in figure 22. where the cpadrant OAB forms the table 
of sines. The arc AB is divided into degrees and from every point of division lines 

1 Of these C to j are shown in the appendix on astrologj- (p. 124). 

2 On an astrolale made at Seville in A.H. 609 (A.D. I2IM2) similar constructions are found. See 
the articles by MM. Sauvairc and Pailhade. Journal asiatique 1S93, 9 serie, i, pp. 6.f. and ISdf. 
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are drawn perpendicular to OA. The radius OB is divided into 60 equal parts and 
lines are drawn parallel to OA. In the diagram sin 40° reads 39°, ^.e., |o or '65, hut 
the instrument itself is more accurate than this. The radius OD is divided into sixty 
equal parts and through each point of division circles, also passing through the 
points A and C, are drawn. These arcs are orthogonal projections of great circles 
inclined to the meridian C^A^ of the sphere ABCD. For example, the arc passing 
through the division numbered 50 represents a circle on the sphere inclined to the 
meridian at an angle such that sin <f> =|0 { = ‘835). Now the arc 50 in the qua- 
drant CB touches the horizontal line 50 which cuts the arc BA at SGh, therefore 
— 56 A factually sin 561” ‘8339]. 








Chapter V.— HINDU METAL INSTRLAIENTS, 


21. Hindu astrolabes are mostly of modern workmanship and of modern pattern ; 
but at Jaipur there is a Hindu copy of a Persian astrolabe that is of interest. It is 
of inferior workmanship and was, apparently, never properly completed. It is a 
thulthi or tripartite instrument and has two tablets, for latitudes 27° and 72° N., and 
a tablet of celestial latitades and longitudes. On the ‘ankabut the ecliptic is graduated 
at intervals of 6 degrees (figure 26) ; and on most of the points no names are engraved. 
On the back of the instrument (figure 27) is the usual table of sines and declination 
graphs for 27° and 28° 39'. On the lower half are the usual shadow scales but nothing 
else. 

Morley describes two other Hindu astrolabes one belonging to the Royal Asiatic 
Society and the other to the India Office.^ (1) That belonging to the' Royal Asiatic 
Society is a bi]3artite instrument and appears to contain one disc only for latitude 
24°N. The ‘ankabut has 23 points with the names of stars engraved thereon. The 
back has the table of sines and the shadow scales. (2) The India Office instrument 
is said to be of poor workmanship. It is a sexpartite instrument, 3 inches in diameter- 
Within the umm is a table of 16 Indian cities, with latitudes and longitudes, the latter 
reckoned from the ‘ Fortunate Isles,’ e.g . — 

Latitjdc. Ljngtitudo. 

Jayanpur ....... 26° 36' lu9° 6' 

Ujjeyani 23° 30' 110° 50' 

Delhi 29° 0' 113° 0' 

Benares 26° 15' 117= 20' 

There are seven tablets — six for latitudes 0,° 17°, 18°, 20°, 21°, 23°, 24°, 26°, 
27°, 29°, 32' and 72° and one with usual horizons on one side and the ‘ankabut 
co-ordinates on the other. On the back is a set of tables termed paramali'dnti. 

In 1790 R. Burrow related that he “ Compared an Astrolabe in the Nagry 
character (brought by Dr. Mackinon from Jaynagur) with Chaucer's description, 
and found them to agree most minutely, “ even the centre pin which Chaucer 
calls ‘ the horse ’ has a horse’s head upon it in the instrument.”^ 

The only other ordinary astrolabe of Hindu make and of any age known 
to me is R in the list on p. 17. It is engraved in Devanagari character and is 
of very crude workmanship as compared with A, B, C, D and E. It is of copper, 
of 7 inches diameter, and contains two tablets, besides the ecliptic tablet 
(‘ ankabut). The venter is plain, while the back has only the central rectangular 
shadow scales, the sinus quadrantus ruled into 30 equal divisions, and the de- 
clination quadrant divided into even spaces by 15 arcs. The two tablets are 
tripartite and besides the almucantarats and azimuth lines have the equal and 
temporal hour lines. They are inscribed thus : — ■ 

(rtf) Longest day 33—30 (aj Longest day 36—24 

AvA Ti. Latitude 37. 

* The ludi.T, Office instrument.s are now in the Tnd an bcction at the .'■'outh Kens ngton Mu-seum. 

‘ * Asiatic Researches, 1790, Vol. ii. p, 489. 
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Latitude 22. Shadow 5. Shadow 9. 

Hypotenuse 13. Hypotenuse lo. 

(hi) Longest day 33 — -30 (6^) Tablet of horizon without 

Amadavad. any numbers or inscriptions. 

Latitude 23. 

Shadow 5 — 6. 

Hypotenuse 13 — 3. 

The latitude.? are here given in four different \vays(0 in degrees, (ii) in length 
of longe.st day (in ghatis and palas), (Hi) in length of the equinoctial shadow* 
or tcin(f), (iv) hy the hypotenuse of the equinoctial shadow or 
These may be expressed thus : — 


VAL^E•^ ON THE INSTRUMENT. CALCULATED V.ALUES. 


Lat. 


Longest day. 



1 

tan ! 

Sin (J) 

Longest day. 

Ian 

sin p 

0 

g- 

P- 

h. 

m. 


1 

1 

i 

i i 

i ' 

h. 

m. 

s. 


i 

1 

oo 1 

33 

30 

= 13 

24 

0 

i 

A =‘385 ; 

13 

22 

52 

'404 

1 

‘375 

2,3 

33 

50 

= 13 

32 

0 

S’6' =-439 

12 

-391 ' 
lAv' ~ ! 

13 

27 

16 

1 

'424 

•391 

37 , 

i 

36 

24 

= 14 

33 

36 

=-750 

A =-600 j 

14 

36 

48 

•754 

•588 


22. At Jaipur are two large single disc astrolabes 7 feet in diameter — one 
made of some sixty sheets of iron rivetted together (figure 28) and the other 
of brass patched up with lead (figure 29). From the iron instrument the gra- 
duati'ms have disappeared. The brass instrument is tamm (complete) for 
latitude 27°X. It has an ecliptic circle and a tube sighter of modern work- 
manship. These two instruments may possibly be of the original metal instru- 
ments referred to by Jai Singh (See p. 12). If so they were probably brought 
from Delhi. 

23. The Unnatdmsa Tanlra is possibly another of Jai Singh’s original ins- 
truments. It is a graduated brass circle 17-J feet in diameter suspended so as 
to revolve around a vertical axis. Jai Singh speaks of an instrument “ Zat- 
al-Halqa (consisting of a ring) of bra.ss, in diameter three (jaz of the measure 
now in use, " (See page 12) but the Zat al-halqa is ordinarily an ai miliary 
sphere. 

The Chahra Yantra (circle instrument) is an equatorial. There are two 
at Jaipur each 6 feet in diameter (figure 57) and one at Benares, 3 feet 7 
inches in diameter. The Chakra Yantra is fixed so as to revolve about an axis 
parallel to the earth's axis. At the southern end of the a.xis of the instrument 
is a separate graduated circle fixed on the supporting pillar. The axis carries 
a pointer which Indicates the hour angle on the fixed circle ; and the main 
movable circle carries an index and sighter (figure 68). 

The Krdnti Tritti Yantra (‘ Ecliptic in.strument ’) found at Jaipur only is 
quite a modern in.strument but is said to have been made according to 


1 The gnomon is supposed to be twelve units or 720 miuutM in length. 
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Jagganatli s instructions ; and there still is at Jaipur the old masonrv work 
for a much larger instrument of the same tvpe. The Kranti Vritti Yantra 
is used for direct measurements of celestial latitude and longitude. It consists 
of two brass circles (figure 58) pivoted so that one always moves in the plane 
of the equator and the other in the plane of the ecliptic. It is more suitable for 
demonstration purposes than for actual observatu)n. (See page 51.) This is the 
Torquetum of Regiomontanus (1434-1476). which was rejected by Tycho Brahe as a 
clumsv instrument.^ 

24. At Jaipur I was shown a modern Hindu astrolabe or Yantra Raj, dated 
Samvat 1799 (-A.D. 1877). It is a single di.sc thnlthi ot tripartite instrument 
or latitude 27° X, with an ecliptic circle and ruler. On the obverse of the disc 
are engraved azimuth lines for 30°, 00° and 90° and also the temporal hour line'^ 
and also the names of the following stars : — 


^.Ano 0 i iiis'uiineiit. 

Moih »5» X uuo 

m • nr iii'tr.jTr.t nt. 


M'> I'T.i X.iiiii'', 

I .S.uuudra pakil 

- 


? Cl a. 

, U C'hitra .... 

a 

y irtjinis. 

2 Rohini . 

• 


a T'tnri. 

1 

10 :Svriti 

u 

Bootin. 

3 .\rdra 


■ i 

'jL Orton i-i . 

1 1 Anuradlia . 

a 

Scorjtii. 

4 Lubdhnka 

• 

_ ! 

% f '-/«(■< Major is. 

12 Abhijit 

a 

L’jne. 

Tj Pus' y i . 

• 

i 

• 1 

i Caiicri. 

1.3 Sravan i 

u. 

.A q II Hue. 

6 Maglkv 

• 

1 

1 

a Ltoni-i. 

14 .Sat.ijiva 

K 

.4 ijiiil'P. 

7 ? . . 

. 

• 1 


hr Purvabhadraiiad.i 

•i 

P 

PnJ'lH. 

8 Hasta 

• 


fj Corvi. 

•• 

1 

1 

•• 

The ruler 

is 

of 

the same type a 

s those employed on 

the 

face of certain 


mediaival European instruments (.see p. 20). 

25. The Dhruva Bhrama Yantra or ‘ Circumpolar instrument ' is another 
modern Hindu instrument of rather crude w'orkmanship , It consists of a 
square plate with a slit near to and parallel to one edge and a freely revolving 
weighted index wdth four pointers. If the plate is held vertically in such a 
po.sition that the Pole .star and the .star J/urAnb (Kochab or ^ I rsoe Minoris) 
are in line with the slit then the pointer marked Ghati will indicate sideral time 
in qhatis.~ The other pointers indicate the rising sign, the sign on the meridian 
and the rising, meridian and setting nakshatras.® The back of the instrument 
is marked Turlya Yantra (quadrant instrument) and coimi^<ts of a hinged rod, 
two sighting rings on the edge parallel to the slit and a graduated quadrant 
consisting of eleven scales. Y hen the sun shines through the sighting ring 
the index shows the altitude and the time. Also a list of the 28 nalRaitras 
(initials onlv) starting with Asvini and proceeding in the usual order' is given, 
and to each astcrism is attached a number varyiiig from 12| to ]8j. 

^ Sec R. tViiLF '•'( ^rJn'-hu iler J ■'<'roi’"»iir. ]•. 161 and J. L. E I)RKYhR. T;/'h" fJi-nh ji. M 

-The Hiiulus rr(ko!i tln-ir i-idcral time from the roing of the vernal eqiuno.v and h- i-.re it diifers from 
Eurojie.ui time by 0 houis. 

•’ See GiunJI. p. 62 ,.nd jila'-C X. 


E 
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6. Other instruments. — Some time before 1839 Eaja Ram Singh of Kotah 
presented to the Government of India an instrument similar to the Dhruva 
Bhrarna Yantra described above. The Raja’s instrument was of massive silver^ 
and was made in A.D. 1834. On the reverse is the ‘ sine quadrant ’ usually 
found on astrolabes (see page 22). 

The armillarv sphere referred to by Tod (see p. 16) is still in existence, 
and is a very elaborate affair although not of much practical use.- 

At the Lahore exihibition of 1864 were several astronomical instruments of interest 
— particularly some astrolabes from Kapurthala. The list of instruments — drawn 
up by a Hindu astrologer — is curious and valuable.® One of the entries is— 
“ Yanti Raj — the usturlab of the Yunani,” 


I Jiiiirnril of the A-siatic Society of Bengal 18.39, p. 8311. 

• I am ind(^bted to JIrs. Borough Copley of Kotah for this confirmation of Tod’s statement and for 
I phonograph of the armillary sphere. 

' See B. H. Baden Powell’s Hand Book of the Manufactures and Arts of the Punjab, 1872, p. 2.39f. 
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27. The masonry instruments, which vary in size from a few feet to 90 
feet in height, are Jai Singh's chief work. It has already been related how 

Jai Singh discarded brass instruments and built massive masonry ones in their 
place. His reasons appeared to be, but were not altogether, sound. The brass 
instruments were, he said, faulty because of their mobility and size.’ The axes 
became worn and the instruments untrue ; the graduations were too small for 
fine measurements, etc. His remedy was to make large immovable instru- 
ments : but he thus stereotyped his designs and hindered futher improve- 
ments. The larger and more immobile an instrument is the greater is the 

difficulty in making alterations and improvements. Jai Singh sacrificed facility 
for supposed accuracy. 

Hunter states that Jai Singh himself devised the Samrat Y'antra, the 
Jai Prakas and the Ram YMntra. These three instruments are indeed peculiar 
to Jai Singh’s observatories and must be to some extent attributed to Jai 

Singh’s personal ingenuity.^ Jai Singh used other stone instruments such as 
the mural quadrant and cylindrical dial but these were not mentioned specially 
in the preface because they were common to many observatories. They are 

however mentioned in Jagannath’s introduction to the Samrat Siddlidnta (see 
page 3). 

The masonry instruments are : — 

(a) Samrat Yantra at Delhi, Jaipur (2), Ujjain and Benares (2). Figures 

34, 35, 43-46, CG and Plate XV. 

(b) Jai PraMs at Delhi and Jaipur. Figures 30, 32, 33 and Plate XYIII. 

(c) Ratn Yantra at Delhi and Jaipur. Figures 47, 48, 49, 59 and Plate 

XVII. 

(d) Digamsa Yantra at Jaipur, Ujjain and Benares. Figures 63, 65 and 

Plates XXIV and XXVI. 

(e) Dalshinovritti Yantra at Jaipur, Ujjain and Benares. Figures 56 

and 62. 

(/) Nari-valaya Yantra at Jaipur. Ujjain and Benares. Figures 53 and 65. 

{g) Vritti Shastdmsaka at Delhi and Jaipur. 

{h) Misra Yantra at Delhi. Figures 50, 51 and Plate XIX. 

(f) Rdsi Valaya at Jaipur. Figures 54 and 55. 

(/) Kapdia at Jaipur. Figure 31. 

The last three of these instruments are possibly of later date than Jai 
Singh. They are mentioned in neither of the contemporary lists. 

1 The contrast with the procedure in Europe is intere.sting. The European scientist recognised the 
inevitability of error and took mea.sures to counteract it (e.g., with the micrometer, vernier, telescopio 
smhts. etc., etc.) Even a modem theodolite as a useful astronomical instrument is worth more than all 
Jii Sino-h's large buildings. Possibly Jai Singh's power and wealth incline 1 him to move in a directini 
that could not lead to the desired cud. See page 90. 

s See iiage 86. 

X i 
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£8. The Samrat Yantra or ‘ Supreme imtrument is, as its name implies, 
the most important. It i.s an equinoctial dial consisting of a triangular gnomon 
with the hvgotenuse parallel to the earth's axes, and on either side of the 
gnomon is a quadrant of a circle parallel to the plane of the ecguator. It is 
in jirinciple one of the simplest ' equal hour ' sundials. 

In figures 34 and 35 AB is one edge of the gnomon, the angle ABC is 
ecgual to the latitude of the place, EF and GH are at right angles to AB as also 
are DF, MH. If KL is the direction of the sun then the arc KG indicates 

he time before noon, and the angle HGL the declination or sun's angular dis- 

tance from the ecj^uator. In the actual structuie the considerable width of AA* 
and GE (each being over 9 feet at Jaipur) practically duplicates the instru- 
ments. Each edge of the quadrants is graduated in hours and minutes" as 
well as in degrees and each edge of the gnomon has two scales of tangents^ 

one from H to B and the other from F to A. In the figure tan HGL=^ 

and GH is the radius of the quadrant MKG. 

The shape of the gnomon is generally a parallel trapezium as in figure 

34, ABB'C. In the same figure GE represents the position of the quadrants 
as they enter the gnomon. HG=FE is the radius, and the lines radiating from 
E and G show the construction of the scales of tangents cn the edge AB. 

In the following list the examples of the Samrat Yantra are enumerated 
and their dimensions (with reference to figure 34 ) are given. 


Samrat Yantra. 



1 Height. 


Hypot/*. 

Kadiui 

GH^EP 

I 

' 

M' dth of 

Anffl.' ABO 


AC' 

AC 

ac. 

AB 

Qumlriiit 

GE 

approxi* 

UlUtC. 

IVlhi . 

08' 

Co' 4' 

ii.r C" 

128' 6" 

49' 6" 

7' 71' 

28° .37' 

Jaipur . . . 

. 89' 9" 

7.r r 

146' ir 

174' 0" 

49' im 

9' ar 

20° 73' 



18' 6" 

;{7' m 

40' 8" 

1 

9' li" 1 


i 

Ujjain . 

. 22' 0" 

IS' 0" 

4:5' 6" 

47' 6" 

9' 1" ' 


; 23° 10 

Runares 

. 22' ;q 

10' 11 

\ :i.y lo" 

39' sr 

1 

9' U' ; 

.7' 10' 

27° 14' 


8' ;r 

4' 9" 

10' o',” 

ir ir 

y 2" j 

1' 9’ 

27" 19' 

These dials 

give apparent 

solar 

time which 

varies 

from day 

to d 

ay owing 


to (1) the eccentricity of the earth's orbit and its consequent more rapid angular 
motion in the winter (when it is nearer the .sun) and its slower motion in 
summer ; (2) the obliquity of the ecliptic.^ Consequently a clock going re- 
gularly does not agree for long with .solar time. In India there i.s another 
element of difference to consider due to the .standard time being fixed for the 

^Williams sa\ s th‘* AimIgc uainr was ' Koofrjftp hfifp in Hindu dro.tj 

^ Tlu-y ’were (Jii^GG<i.IIy gnuluatf^i in gh.itr^ and 

^ art* two principal cau.-cs but all other causes combined only alter the eijuation of time bv 

a few seconds. 
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longitude of 82|° degree east of Greenwicli or 5i hours before Greenwich time. 
A table that will enable the observer to compare roughly the dial time with 
clock time is given in appendix C. 

29. The Jai Prakas is called by Jagannath sarva yantra sirornani ‘ the 
crest jewel of all instruments.’ It is a hemisphere on the concave side of which 
are mapped out certain co-ordinates. Cross wires are stretched north to south 
and east to west and the shadow of the intersection of the wires falling on 
the surface of the hemisphere indicates the position of the sun in the heavens : 
other heavenly bodies can be observed direct by ‘ placing the eye ' at the proper 
graduated point and observing the passage of the body across the point of 
intersection of the wires. For this purpose passages are cut into the hemisphere 
and the instrument is duplicated. 

The construction of the instrument is seen in the plan and section shown 
in plate XVIII and in figures 30, 32 and 33. Figure 38 shows a projection of a 
complete Jai Prakas. The outer circle represents the horizon and is graduated 
in degrees. From the centre azimuth lines and altitude circles are drawn. 
(These are not all shown in the plate ) The pole P is at a point on the meri- 
dian line, PD, at a distance from the point B equal to the latitude of the 
place (In the plate 28'^37' approximately). The equator, AEC, and tropics, /// 
(Capricorn), ggg (Cancer), and intermediate diurnal circles (not shown) are drawn. 
The equator cuts the meridian at a point, E, at a distance from the centre 
point equal to the latitude of the place (28°37') and the other circles cut 
the meridian at distances 23 20°12' and 11°30' on either side of the equator. 
Through the pole, hour circles Pa} Pa-, Pa}, etc., are drawn. The circles hhi, 
iii, jj\, kk are circles of the signs and are such that when the shadow falls 
on any one of them the corresponding sign is on the meridian. Two such circles 
cut each of the seven diurnal circles on the meridian and cut the neighbouring 
diurnal circles at the proper intervals. At Jaipur a similar instrument (figure 
31) called Kapala cup ’ or ‘ hemisphere ’) is so constructed as to show ‘ rising 
signs ’. In this instrument the edge of the hemisphere corresponds not to the 
horizon but to the solstitial colnre {i.e., the circle passing through the poles 
and the solstial points) and thus is the Jai Prakas turned through a right 
angle. ^ 

The Jai Prakas is found only at Delhi and Jaipur. The diameter of that 
at Delhi is 27 feet 5 inches and that at Jaipur 17 feet 10 inches. (See plates 
XVIII and XXI). 

30. The Bam Yantra is the third of the stone instruments mentioned in the pre- 
face to the Zij Muhammad Shdhl (page 13). The Pandits say it was named 
after Ram Singh, a predecessor of Jai Singh’s. According to Hunter the instrument 
was also known as Ustuumii, which was tne name given by al-BirunP to an astrolabe 
on a cylindrical (orthographic) projection he devised. The Ram Yantra is a 
cylindrical instrument open at the top and having at its centre a pillar. The floor 

^ The method is very crude and the observations must have bicii very loinjh approxira.itions only. 

^ The Jai Prakas was known to the Arabs as al-ilastarah. For descriptions .ec L.A. Seddlot's Mcrtioire and 
Blagrave’s Art of Dyalling quoted below ( p. 86). 

The Chronology of Xatio?ts p. 357 f. 
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and the inside of the circular wall are graduated in scales of tangents for altitude 
and azimuth observations. The height of the wall from the graduated floor i.s 
equal to the di.stance from the circumference of the central pillar to the inside of the 
wall. To facilitate observation the floor is broken up into sectors (see figiu’e 47 and 
plate XVII) and consequently, as in the case of the Jai Prakas, complementary 
buildings had to be constructed (see figure 41). The walls also are broken up and 
one section of the wall corresponds to one sector. At Delhi there are 30 

sectors each of 8 degrees in each building, but at Jaipur there are 12 sectors only and 

their angle is 12 degrees in one instrument and 18 degrees in the other, the 
spaces between them being respectively 18 and 12 degrees. 

On each side of the wall sections are notches in which sighting bars can 
be placed horizontally. The construction is illustrated in plates XIII, XVII, 
and XXI and in figures 47, 48 and 49. Figure 41 gives a good view of the 

buildings as a whole. Examples of the Ram Y antra exist at Delhi and Jaipur 

only and the Jaipur instrument is quite a modern one.^ 

The dimensions of the two instruments are : 



1 

1 Inside dia- 

1 

! Diameter of 


, meter. 

1 


j pillar. 

Delhi ...... 

i 54' 

i 

24' 8" 

5' 3P 

Jaipur 

i 23' 1' 

1 

i ir 4' 

2" 


31 . The DigamSa Yantra (‘Azimuth instrument’) although not actually men- 
tioned by Jai Singh in the preface is given, however, in Jagannath’s list (see 
p. 3). It is a simple and useful instrument and examples of it still exist 
at Jaipur, Ujjain and Benares. The instrument consists of a pillar surrounded 
by two circular walls (see plates XXI and XXVI, DD). The central pillar is 
generally about 4 feet high and the inner wall the same height while the outer 
wall is twice that height. 

Cross wires are stretched from the cardinal points on the outer wall and both 
walls are graduated. The inner wall is a convenient height for a man to walk on 
and to look over the outer wall. By the aid of a movable string and an assist- 
ant, azimuth (horizontal angles) observations can be made with fair accuracy. 
The instrument may be described as a fixed large circular protractor. 

The dimensions of the .-several Diyamm Yantras are — 


Di.oieters. Heights. 


Outor wall. Innor wall. Outer wall. Inner wall. 


Jaiptir . 

• 

• 

• 

27' 

0' 

17' 

0" 

1 

6' 

5" 

3' 

2.1" 

I’jjain . 

• 

• 

■ 

.30' 

10" 

24' 

4" 

1 

8' 

10" 

4' 

6" 

Benares 

. . 

. 

. 

31' 

6" 

21' 

0" 

8' 

4" 

4' 

1" 


^ It was built in 1891. There are also two small Ram l'a«(ra« which were constructed as models. 
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Jagannath’s deseriptic n of the Digamsa Yantra is as follows : — "Make a 
circle on the ground with any radius. This circle is called the horizon. We 
shall have to make three horizons here. On the first circle build a solid pillar- 
On the second circle build a ring-like wall as high as the pillar on the first 
circle. On the third circle make a ring-like wall twice as high as either of 
the former. On all these horizons mark the east to west and north to south 
lines and degrees and minutes. Stretch tightly two threads across the exterior 
wall to represent the east and west and north and south lines intersecting at right 
angles over the centre of the horizons. At the centre of the pillar, fix securely 
one end of a string, to the other end of the string fasten a stone and place 
it over the edge of the third horizon. This thread is called the ‘ thread of the 
circle of vision.’ ” 

H2. The Narivalaya Yaatra (‘ Circular dial') is mentioned by Jagannath and 
it occurs at Jaipur, Ujjain and Benares. It may be described as a cvlindvical 
dial — the axis of the cylinder pointing north and south and the northern and 
southern faces being parallel to the plane of the equator. At the centre of 
each face and at right angles to it is an iron style surrounded by circles grad- 
uated into hours and minutes and ghat is and palas respectively. The sh.adow 
of the style marks the time of the day and the instrument also shows very effec- 
tively the passage of the sun across the equator (the equinoxes). See figures 
53 and 65. JagannSth remarks about this instrument that it is r.ot of much 
value because it only gives readings for northerly observations. This applies 
to some extent to the Benares instrument (see figure 65) but not to those at 
Ujjain and Jaipur. The latter, however, is quite modern. 

33. The Dakshinovritti Yantra (‘ Meridian circle’) is like the mural quadrants 
found in most mediaeval observatories. It consists essentially of a wall in the 
meridian and on the wall are two graduated quadrants and centre pins (see 
figures 56 and 62 and plates XXIV and XXVI) which were used for observing 
the altitudes of heavenly bodies when passing the meridian. The instrument corres- 
ponds to the modern transit circle. Originally there was one at each observa- 
tory but that at Delhi has been destroyed. 

33(a). The Shashtamsa Yantra (‘Sextant ’) occurs at Delhi and Jaipur only 
and is really another form of meridian circle. It is a large graduated arc lying 
in the meridian and is built in a ‘ dark room ’ at the bottom of the masonry 
work that supports the huge quadrants of the Samrat Yantra. A small orifice 
some 30 or 40 feet above admits the light of the sun at noon and the image of 
the sun on the graduated arc marks with fair accuracy the sun’s altitude. It 
is thus the aperture dial of the Muslims (.see p. 82). At Jaipur there are two 
‘ dark rooms,’ one under each quadrant of the Samrat and in each room are 
two arcs the radius of each being 28 feet 4 inches. The ' dark room ' at Delhi 
is at present inaccessible. 

34. Of other masonry instruments there are the Misra Y’antra (‘mixed instru- 
ment’) at Delhi and the Rasi Valaya (zodiac dials) at Jaipur. There are some 
indications that these two instruments, or rather sets of instruments, were not 
devised by Jai Singh and therefore they will be described in detail when the 
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observatories at Delhi and Jaipur are dealt with. The most notable feature o' 
the Misra Yantra is the set of arcs for meridians at Greenwich and Zurich on 
the west and two corresponding places on the east. The Rasi Yalaya is a set 
of twelve dials connected with the rising signs and which show the sun’s latitude 
and longitude. 

35. Of these instruments it is claimed that Jai Singh devised the Samrat 
Yantra, Jai Parkas and Ram Yantra. The evolution of these instruments will 
be dealt with in a concluding chapter but it may be remarked here that Jai 
Singh’s ingenuity was chiefly concerned in the transference of designs previously 
executed in instruments of comparatively small size to huge masonry instru- 
ments. No new invention in the ordinary sense of the word was attempted. 
The Samrat Yantra is in principle a very simple form of sun-dial, but it is an 
efficient instrument and, as Jai Singh designed it, a dignified structure. There 
is, so far, no evidence to show that the tangent scales on the edge of the 
gnomon had been previously used as on the Samrat Yantra ; therefore, besides 
the general design, we may credit Jai Singh with this device. The Jai Prakas 
or ‘ invention of Jai ’, as it may be called, and which Jaggannath calls the 
‘crest jewel’ is really a sort of combined armillary sphere. Possibly the astro- 
labe projections suggested the idea to Jai Singh. In a manuscript copy of a 
work by Abdul Ali Barjendi^ (died A.D. 1523) most of the details of such an 
instrument as the Jai Prakas are given. Jai Singh’s duplicated instrument is 
however his own design and probably the introduction of the culmination sign 
lines must be attributed entirely to his own invention. 

The Ram Yantra is only original with respect to its size and the duplica- 
tion of the instrument. The meridian lines of other places on the Misra Yantra 
at Delhi was not a new idea. It had, at any rate, been worked out for vertical 
gnomons. The Rasi Valaya seems to be entirely original, but it is of doubtful 
utility as an instrument for observation. 


* Abdul ‘Ali b. 31. al- osein, Nizam ai-L)in al-Barjendi wrote a commentary on Nasir al-Din’s recen- 
sion of the Almagest, a commentary on Nagir al-Din's treatise on the astrolabe, a comment on Ulugh Beg's tables, 
a treatise on astronomy, etc. I am indebted to Khan Bahadur Pir Mazaffar Ahmed of Delhi for the loan of this 
manuscript, which was written out by one Qabad b. ‘Abdul Jalil in A. H. 1066 (=A.D. 1655) at Hyderadbad. Its 
dale and its presence at Delhi suggests the possibihty of its having once belonged to Jai Singh’s library. 
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Chaptcu VIT.— the DELHI OBSFR\ ATORY (IR JAYTAR HAYTAR. 
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For the Delhi observatory, known as the Jaiitar Hantar, wo have the lollowing 
approximately correct elements ; — 

Latitude 'iS' o7' 35' 

Longitude 77' llV 5" E. of t Iroenwieli. 

Height above tlie sea-level (>95 feet. 

Magnetic declination E. L 15'. in 1915. .\nm.al vaiiation — 1'. 

Local time 12 minutes 12 seconds after .-^tandaid time. 

36. The observatory is 3 miles 3.\ furhaios almost due south Irom the Fir 
Ghaib, the Trigonometrical Survey point on the Ridge near to Hinilu Rao's 
House. It is also 1 mile 7 \ furlongs 32° west of south from the dama .Hasiid. 

In the pi’iijected new city the observatoi’v borders (on the east) the road leading 
from the railway station to the Secretariat and Government IIou.se. It coiise- 
cpiently will be a notable feature in the Imperial Capital and, apart from it.s 
historical value, it is desirable that it be made, by suitable surroundings and 
proper restoration, as dignified ns possible. 

The general plair (Plate XIII) of the ob.servatury shows the following struc- 
tures ; — 

(а) The Sainidt Yautra (‘Supreme instrument' ) a huge equinoctial dial. 

Figures 40. 43-46 and plate XV. 

(б) The Jai Prakds coiisi.sting of two hemispherical structures just to the 

south of the Samrdt Yaittia. Figuies 41 and 42 and plate XVIII. 

(c) The lidin Yantrn consisting of two circular buildings to the south of 

the Jai Prakas. Figuies 41. 47-49 and plate X\'1I. 

{d) The Miim Yrtufra (’mixed instrument') north west of the Samnlt Yantm. 

Figures 50 and 51 and plate XIX. 

(e) Two pillars south-west of the Mi.sra Yantia. 

(/) A measuring platform just south of the Jlisra A'antra. 

37. The Samrat Yantra is the central building of the observatorv. It is 

the largest and most imposing, although a consideralde portion of it is below 
the surface of the earth. It is, indeed, built into a quadrangular e.xcavation 
some 15 feet deep, 125 feet from east to west and 120 feet from north to 
south. The structure is 68 feet high, of which 00’3 feet is above the earth's 
surface ; 125 feet from east to west and 113’5 feet from iiorth to .'•outh. The 
details are exhibited in the plans and photographs (plate XV and figures 40, 
etc.). The essential parts are the inclined edges of the huge gnomon and the 

(piadrants attached to it.^ The edges of the gnomon jaant to the celestial 

1 In 17;U Father Boudier. ulu> lieli.ed dal .Sm^li. olit.iiiu-d 2,^- ;j7' X. ..iid T.'i n' Fast cf Paro fur the 
Detlii (ihservatiirv. Rei iiel quete' Boudier a-, gn iim luiiiritude 77' 40'. iTlie iotej t.u e of tile I’aii^ uli'-eia .iturv 
IS 2 ;{e' l:P K. of i.ieeuuich. ) Hinder gives Lat. 2S . ’>7' dfi" and long. 77 2' 27 ' E. Foi the latitude J.iiSri'-h 
obt lined 28 dl)' 0". See jiage 12!1. 

- The Delhi plans were prepared for me by the Puhlie Works Deparlmeut, ue.de/ the .itipe itendeica A 

of Mr. (dell. Executive Engineer. 

^ For the theory of the instrument sea p. 36. 


p 
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north pole, that is they make an angle (28°37') with the horizon equal (approxi- 
mately) to the latitude of Delhi and are parallel to the earth’s axis. The 
quadrants (41 K G E D, figure 35) are at right angles to the gnomon and therefore 
the circles of which they form part are parallel to the plane of the equator. 
These quadrants have each a radius of 49'5 feet and are graduated on each 
edge in hours, degrees and minutes^ the scales on the northern edges being 
marked in English and those on the southern edges in Indian symbols. The 
edges of the gnomon are marked with scales of tangents as already explained 
(page 36, see figures 34 and 35). The shadow of the edge of the gnomon on the quad- 
rants gives the local time. In figure 40 the time is about ten minutes to four 
in the afternoon. The sun’s declination is found by observing which part of 
the gnomon’s edge casts its shadow on one of the edges of the corresponding 
quadrant (see page 36). 

In the mass of masonry work that supports the east cpaclrant is a chamber 
which contains the Shashllaohm Yantra. This is a large graduated arc 60 
degrees in length built in the plane of the meridian ; and through a small 
orifice near the top of the (piadrant the sun, as it passes the meridian, shines 
on the arc and indicates its meridian altitude, from which its declination can 
be directly deduced. The cliamber was closed up when the observatory was restored 
in 1910. 

On the top of the gnomon is a circular pillar which was probably used 
originally for rough azimuth observations, but which is now surmounted by a 
small sundial of the European type. This was probably constructed in 1910 : 
the pillar, but not the dial, appears in the Daniells’ drawings (figures 43 and 
44 ).^ 

The lower part of the structure is now, more or less permanently it seems, 
below the water level of the locality. Tlie height of the water varies^ but 
for a great part of the year it covers the lower part of the quadrants and the 
steps and prevents access to the west quadcant altogether ; and it makes the 
structure useless for astronomical purposes. If the instrument is to be saved, 
means must be taken to prevent the water percolating to the foundations. 

According to Jai Singh the Samrat Yantra was built of stone and lime.‘ 
Hunter and Thorn say that the edges of the gnomon and c|uadrants were 
of white marble and von Orlich speaks of marble staircases (see page 48). 
The (juadrants are now faced witli lime but the time graduations are well 
marked with a soft black stone neatly inlaid into the face of the cjuadrant. 
The graduations on the edges of the gnomon are scratched into the lime plaster 
surface and are becoming obliterated. 

- J.ii Singh giv.-' IS cubits the la'liii.-, aiul one iiuniiti! a'- t-ciual to a barl'-ycom aiid-a-half. See 
pa-e l:i. 

’ The time scale-, are on the ujiner surface of the r|ua(!rants and t!ie di gree scales on the extreme eijces. 
The European syinhoN acre pruh.ddy intrndueed at the restoration in I'.UO. 

^ In Decemher l.-'t a Tiig-n-' trie.il Survey p.iity was using the top of the gnomon as a Jioint of ob- 

servation and found the dial in the way. The lullar as it was originally designed was exactly suitable for 
their purpo.se. 

■* In .laniiary KUO its maximum depth iv.is .iboiit 4 feet while at the end of August it was 3 feet deeper. 

* fcee Preface to the Z'lj Miihuininad Shdhi p. 13 above. 
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An examination of the Daniells' drawings and recent photographs (see figures 
43-46) shows that only minor alterations have been made during the last hun- 
dred years. There is a slight difference in the entrance to the gnomon steps ; 
in the old drawings is shown a set of sidisidiary steps to the right of the main 
steps on the gnomon ; and there was formerly no dial at the top of the gno- 
mon. 

38. The Jai Prakas consists of two complementary concave hemispheres 

situated immediately south of the Samrat Yantra. Their structure is best seen 
in plates XVIII and figures 41 and 42. Theoretically onlv a single hemisphere 
is necessary, but to facilitate observation pathways are cut into the surface ; 
and the second Jai Prakas has the pathways in such a way that the two ins- 
truments together show the complete surface. Cross wires were originally 
stretched across the hemispheres north to south and east to west, and the sha- 
dow of the intersection of these wires on the concave surface of the hemisphere 
indicated the position of the sun. The surface of the hemisphere is marked with 
altitude and azimuth circles, the tropics and intermediate circles (declination 
parallels), etc., so that the position of the sun can be directly read off. Also 
there are ‘ circles of the signs of the zodiac ’ by which the particular .sign on 
the meridian is indicated by the position of the sun's shadow.^ In the Delhi 

instruments the cross wires have been discarded although the pins to which 

they should be fastened are still there ; and iron rods (2 inch galvanized piping) 
have been fixed at the centre of each Jai Prakas. The pipes should be removed 
and the cross-wires replaced. 

The descriptions given by Hunter and Thorn .seem to indicate that there 
was a century ago only one Jai Prakas. Hunter's words are ; Between these 
two buildings, {i.e., the Ram V^antra) and the groat erpiatorial dial is an instru- 
ment called Shamlah. It is a concave hemispherical surface, formed of mason 
work, to represent the interior hemisphere of the heavens. It is divided by 
six ribs of solid work and as many hollow places ; the edges of which represent 

meridians at the distance of fifteen degrees from one another. The diameter 

of the hemisphere is twenty-seven feet five inches.” Thorn uses the same 
phraseology. The old drawings and photographs are ambiguous on this point 
but they show that the original structure has been altered considerablv. Pro- 
bably there ivere two complementary instruments originally but one of them 
had disappeared. 

39. The Ram Yantra con.sists of two large circular buildings complementary 
to each other situated south of the Jai Praka.s. Their general structure is best 
seen in figures 39, 41, 47-49 and in the plates XIII and XVII. Each consists 
of a circular wall and a pillar at the centre. The height of the walls and 
pillar from the graduated floor is ecpial to the inside radius of the building 
measured from the circumference of the pillar to the wall, viz. 24 feet 6,1 inches 
and the diameter of the pillar is o feet 3l inches. The walls and floor are 
graduated for reading horizontal (azimuth) and vertical (altitude) angles. To 


' For a more dc't,\ik‘d account of the theory of the in.-trumeiit -ee p. 37. 
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facilitate observation tlie floor i.s cut up into thirty sectors with the spaces 
between of the same angular dimensions as the sector.s, viz., six degrees. The 
graduated sectors are supported on pillars three feet high so that the observer 
can ‘ place his eve ' at any point on the scale. The graduated walls are 
similarlv broken up hv openings, at the sides of each of which are notches 
for placing sighting bars. At Delhi there are no such bars in evidence but at 
Jaipur they are faced with brass and carefully graduated. At Jaipur the central 



Fic. 47. R.vm Vantrv Inferiur. 

pillar is replaced by an iron rod. At Delhi the pillar is graduated by vertical 
striiJes (see figure 48), each six degrees in width, and these are necessary as 
a point on the top of the edge (not the centre) of the pillar is the centre for 
which the altitude graduations on the corresponding sector and portion of the 
wall are made. The old descriptions and drawings show that no important 
structural alteration.; have been made during the last century. The Daniells’ 
picture (figure 41), however, apparently shows a different entrance to the north 
Jiam Yantra. 
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40. To the north-west of the Samrat Yantra and some 140 feet away is 
the Misra Yantra or ' mixed instrument ’ so named because it combines in one 
building four separate instruments. Of these the Xiyat Chakra occupies the 
middle of the building and consists of a gnomon with two graduated semicir- 
cles on either side (figure 50). These semicircles lie in planes inclined to the 
plane of the Delhi meridian at angles of 77° 16' W., 68° 34' W., 68° 1' E. and 
75° 54' E.i 

The semicircles may be said to correspond to meridians at places whose 
longitudes differ from Delhi by these angles and tradition names Greenwich 
observatory' and the observatory'^ at Zurich, " Xotkey a village in Japan where there 
is an observatorv, latitude 43° 33' X. and Longitude 145' 17" E. of Greenwich 
and Serichew a town in the Pic I.sland in the Pacific Ocean east of Eus.sia 
latitude 48° 6' and longitude 153° 12' E." 

Let AB (figure 36) be the edge of the Delhi gnomon and ABD in the plane 
of the Delhi meridian. Let ABE make an angle 8 with ABD then ABE represents 
a meridian at a place whose longitude difference from Delhi is 8. Let cx, 

denote the direction of the sun when it is in the Delhi meridian then the arc 
DP will measure its declination ; and if CAk be the direction of the sun 
when in the plane ABE then EQ will measure its declination. On the Xiyat 
Yantra the semicircle ABD is not marked but ABE corre.sponds to one of 

the masonry semicircles each of which is graduated north and south from E 
for the purpose of observing declinations. 

On either side of the Xiyat Yantra and joined to it is half of an equi- 
noctial dial constructed on the same principle as the large Samrat Yantra. On 
the west side of the building is a second quadrant the face of which is hori- 
zontal instead of being parallel to the axis. It is called the Agra Yantra or 
‘ amplitude instrument ’ and its use does not seem to have been understood by 
the restorers. Hunter makes no mention of this. 

On the east wall of the building is a graduated semicircle called Dakshino 
vritti Yantra used for obtaining meridian altitudes. The north wall of the 

Misra Yantra is inclined to the vertical at an angle of 5 degrees (figure 51) 

and is marked with a large graduated circle. This is called the 
Karka Rasi Valaya or ‘ Circle of the sign of Cancer.’ As the latitude of Delhi 
f)bservatorv is 28° 37' 35", and the obliquity of the ecliptic is 23° 27' 5" nearly, 
the zenith distance of the sun when in Cancer is 5° iOC approximately, and 
the sun then shines over the north wall for a short period and the shadow 
of the centre pin falls on the graduated circle. This may be the northern dial 
referred to by Jagannath (.see page 39). 


^ Theso are the angle.s given by tlic Pandits but according to tlie inea.surements of the engineers who 
prepared the plans the angles are 77° 18', 69° 50', 69° 42' and T7° 22'. They are difficult to measure 
accurately. 

2 This implies that the longitude of Delhi was taken as 77° 16' E. of Greenwich. It is really 77° 31' 5', 
Zurich observatory is 8° 34' E, of Greenwich. 

’ It may be noted that Greenwich otiM.rvatory was founded in 1675 some 50 years before that at Delhi 
was built but that Zurich observatory did not come into eiiotcnce until 1759, some sixteen years after Jai 
Singh's death. 
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41 . In the front of the Misra Yantra is a platform 47 feet by 43 feet on 
which are traces of a quadrant of 20 feet radius. This platform was probably 
used for making measurements when the instruments were being constructed 
or repaired. 

To the south-west of the Misra Yantra are two pillars 17 feet apart and this 
line joining their centres points 35° E. of north. These are mentioned in none 
of the accounts of the observatory. If they were part of the original observa- 
tory they probably supported one of Jai Singh’s instruments such as are now 
found at Jaipur (see figures 28 and 29). 

Hunter states that to the west of the Misra Yantra and close to it was a 
wall in the meridian with double quadrants. Jagganath, Jai Singh’s assistant, 
recorded^ that in the year 1651' of the Salivahana era “ with this instrument 
the latitude of Indraprastha® was found to be 28° 39' north and the maximum 
declination 23° 28'.” 

To the west of the Samrat Yantra is a small building (a chowkidar’s house) 
on which is fixed the Jaipur flag. There is a tree south-east of the eastern Jai 
Prakas that j)artially overshadows that instrument. The tree should, of course, 
be removed. The whole observatory is enclosed by a mud wall about six feet 
high with an entrance on the west side. 

42. History. The observatory at Delhi was the first one built by Jai Singh 
and it b here that the principal observations were made which were to form 
the basis of his new tables, the Zij Muhammad Shdhl. There is some uncertainty 
about the date of con.struction. Pandit Gokal Chand gives A.D. 1710 and Sa’id 
Ahmad Khan gives 1724. The latter states that the observatory was built 

in accordance with the orders of the Emperor Muhammad Shah in the 
seventh year of his reign,^ corresponding to the year 1137 of the Hegira.” 
(=A.D. 1724-5).' 

Jai Singh tells us® that he himself represented the question of preparing 
new tables to the Emperor who encouraged him to proceed. “ To accomplish 
the exalted command he had received, he (Jai Singh) bound the girdle of reso- 
lution about the loins of his soul and built here (at Delhi) several of the ins- 
truments of an observatory.” This seems to indicate that the construction was 
started after Muhammad Shah ascended the throne. Also Jai Singh himself 
tells us that seven years were spent in preparing the tables. In 1719 Jai Singh 
was appointed the Emperor’s lieutenant at Agra. Jagannath records observations 
made at Delhi in A.D. 1729. The facts seem to point to 1724 as about the 
date of the founding of the Delhi Observatory. 

Jai Singh tells us that at first he constructed at Delhi brass instruments 
of the astrolabe type in accordance with the Mu.slim books.'' These he found 

1 S r p.-.gf^ 3 and G .rret page 36. 

» A. D. 1729. 

* Delhi. 

* Muhammad Shah ascended the throne in 1719 (October 9th). 

® Thom says : “ The third year of the reign of Mohammad Shah oi 1721. 

* See page 11. 

1 See page 12. 
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to be unsatisfactory and therefore he constructed “ instruments of his own in- 
\ention such as Jai Prakas and Ram Yantra and Samrat Yantra of stone 

and lime of perfect stability, etc.-’ In Jai Singh’s time therefore’ the' observa- 
tory probably consisted of the Samrat Yantra, the Jai Prakas the Ram Yai tra, 
a mural quadrant,^ and some metal instruments. Of the present buildings pos- 
sibly the Misra \ antra was added by Madhu Singh “ who inherited no small 
portion of his father s love of science. 

43. Early descriptions. There are fairly numerous references to the Delhi ob- 
ser^atory in the accounts of travellers of the eighteenth and early part of the 
ninteenth century and some of these are worth recording. Father Claude Boiidier 
and another piiest passed through Delhi in 1734 on their journey to Jaipur 
(see page 6) and took observations of latitude and longitude at the observa- 
tory at Delhi. C nfortunately they have left on record no description of the 
observatory or the instruments. 

In 1795 Franklin in his description of the city of Delhr wrote of the ob- 
servatory : It was built in the third year of the reign of Muhammad Shah, 
by the Rajah Jeysing who was assisted by many persons celebrated for their 
science of astronomy from Persia, India and Europe ; but died before the work 
was completed, and it has since been plundered and almost destroyed by the 
Jeits under Juhwaher Singh.” 

In 1799 W. Hunter published* a fairly complete account of the Delhi ob- 
servatory. The list of buildings and the descriptions he gives show that to the 
west of the Misra Yantra and close to it was wall in the plane of the meri- 
dian^ on which was described “ a double quadrant having for centres the two 
upper corners of the walls .... One degree on these quadrants measured 
2-833 -inches.”^ Also in describing the Misra Yantra he makes no mention of 
the third quadrant (Agra Yantra) on the west side. Referring to the Samrat 
Yantra he states “ It is built of stone, but the edges of the gnomon and arches 
where the graduation was, were of white marble, a few small portions of which 
only remain.” 

In 1803 Major William Thorn visited Delhi and later gave a description® of the 
observatory. His description, however, is simply a summary of Hunter’s and he 
gives no additional information whatever, although he is sometimes quoted as 
an authority. 

Soon afterwards the Daniells gave two illustrations® of the chief features of 
the observatory. These are here reproduced (figures 43 and 44) and they show 
that during the last hundred years very little alteration has really taken place ; 
but they show some small differences, which have already been mentioned. 

> Tod ii, 372. 

^ An Account of the jyresent State of Delhi. By Lieut. Franklin. Asiatic Reserches, vol. iv., 1895, p. 431 
Muhammad .Shah’s reign commeneed in 1719, and Jai Singh died in 174.3. 

^ A, viatic Researches, v, 1799, 177/. 

* He doe.s not mean that he measured correctly to a thousandth of an inch bat that it was approximately 24 
inches. The radius was consequently about ISJ feet. 

® Memoir of the War in India conducted by Ceneral Lord Lake in l.'il.S, p. 171. 

' Oriental Scenery, 1815, part v, plates XIX and XX. The ori;/inal drawings for these plates must nave 
b' en made about A.D. 1794. 
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In 1843 von Orlich visited Delhi and made the following notes about the 
observatory ; " It lies in the midst of many ruins ; but it was never completed 

and has been, unhappily, so wantonly dilapidated by the Juts that the shat- 

tered ruins alone are to be seen. However, enough remains to show the plan 
of this fine building ; the colossal sun-dials and quadrants, which rest upon 
large arches, are formed of red sandstone and bricks and the ascent to them is 
bv handsome winding marble stair cases. 

Next comes Sa id Ahmad Khan's description- which was translated by Gar 9 in 
de Tassy.^ This account is not very reliable but the original work contains 

some rough but valuable drawings of the instruments. We read : “ Now this 

observatory has fallen into ruin ; all the instruments are broken and all traces 
of the lines of division have disappeared, etc.” 

Later writers on Delhi give brief notices of the observatory with, in two 
cases'*, interesting photographs. 

44. Past Restorations. Sahd Ahmad Khan tells us that in 1852 the Raja of 
Jaipur partially restored the Samrat Yantra at the request of the Archaeological 
Society of Delhi and in the Proceedings of the Delhi Archceological Society of the 
6th January 1853 we read : It having been stated that the large gnomon 

of the Junter Hunter had been repaired at a cost of Co.’s Rs. 442-1-10, 
leaving a balance of Co.’s Rs. 157-14-2 of the sum presented to the society by 
the Rajah of Jeypore, for the repairs of that Observatory, and this being much 
too small a sum to enable the Society to complete the repairs or even to build 
around a compound wall, which is absolutely necessary, for the security of the 
remains from further dilapidation, it was unanimously resolved that the Agent 
to the Lieutenant-Governor, Delhi, be requested to make known to the Rajah of 
Jeypore, through the proper authorities, the inability of the Society to complete 
the contemplated work, without further funds.” For many years nothing further 
was done. In 1910, His Highness the present Maharaja of Jaipur sanctioned 
the restoration of the observatory at Delhi and the work was completed in 
1912. Pandit Gokal Chand was placed in charge of the astronomical part of the 
l estoration which was carefully carried out. The work comprised the restoration 
of the buildings, the regraduation of most of the scales and, in the case of the Jai 
Prakas, practically the reconstruction of the whole instrument. Most of tiie 
facings ajid the graduations were done in lime plaster but the main graduations 
on the quadrants of the Samrat Yantra are in a .soft black stone very neatlv 
inlaid in the surface of the quadrants. The graduations in lime are already 
becoming obliterated. Gn the top of the gnomon of the Samrat Yantra a sun- 
dml of European type was erected. 

On each instrument a tablet giving the name of the instrument, the date of 

‘ Travels In India. Lnnclou, 184.5, p. 49. (The account is not reliable and I am inclined to think 
von Oclich never visited the observatory ; but what he sajs is the sort of thing that occurs in many 
guide books'). 

' Alhdr al-Sanddid 18.52. Reprinted 1876. 

^ Jnurnal Asintiqne V. sv, 1860, ;536/. 

* Carr Stephen. — The Archeeukyical and Monumental Remains of Delhi, 1876 ; and H. C. I'arshawo, Jh ih . 
I‘jM and Present, 1902. 
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restoration, etc., was placed. Some of these were done in marble and some 
in plaster. Several of the latter are already destroyed. 

45. Future Restorations. The Delhi Observatory buildings are worthv of 
permanent preservation, not only on account of their scientific and historic 
value, but as monuments to one of the most brilliant and remarkable princes 
of India, and as forming a dignified feature of the new Imperial City. 

The grounds surrounding the buildings should be enclosed by a low wall 
and the grounds themselves should be ornamented onlv by a grass lawn. There 
should be neither trees nor shrubs but there would be no objection to flower 
beds at a sufficient distance from the buildings. The buildings should be put 
into good order without interfering in any way with their present structure. 
The present pink colouring should be removed and a natural lime plaster tint 
substituted. The graduations should in all cases be made in some more perma- 
nent substance than lime plaster. At Jaipur marble and sandstone are both 
used and at Benares the latter only. Marble or some other suitable stone 
should be employed. 

The Samrat Yantra (figure 40, etc.) is the most important of the instruments 
and every effort should be made to preserve it permanently. Its foundations 
are in a rectangular excavation which is now partially filled with water. Ap- 
parently the bottom of this excavation is lower than the surrounding water 
level and consequently the water percolates and covers the lower portions of 
the instrument. Not only is it damaging the structure but it makes it useless 
for purposes of present observation. To get rid of the water is a problem for 
the engineers and possibly they will decide to ‘ concrete ’ the whole of the lower 
part of the excavation and install a small electric pump. Unless some such 
means to exclude the water are taken the chief instrument of the observatorv 
will be utterly ruined. When the water has been excluded the chamber eon- 
taining the Shashthaiiisa Yantra described above (page 42) should be opened out 
and the instrument put in working order. 

The main graduations on the quadrants of the Samrat Yantra are suitable' 
and need not be restored at present but the graduation on the edges of tho 
gnomon need restoration badly. This necessitates the edges being refaced with 
marble or some suitable stone. The small dial on top of the pillar that is at 
the top of the gnomon should be removed. It is of no use where it now is 
and it prevents the pillar on which it is placed being used for its legitimate 
purpose. The sun-dial might be placed somewhere out of the way in the 
grounds. The space round the pillar is hardly sufficient for working' purposes 
and it would perhaps be as well to reduce the diameter of the pillar or to 
place around it a railing for protection. (An examination of the Jaipur gnomon 
shows that some such arrangement would not be in opposition to Jai Siimh's 
idea.) The top of the pillar should be graduated, as most probably it was ori- 
ginally, for rough azimuth observations, and should be made perfectly level. 


1 It wag a mistake. I think, to introduce European measures rnd syrrbols and I should like to see the edc^cs 
faced with marble as originally they were, and the old graduation replaced. 
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The position is one for observation and could even now be used, in the spirit 
of the original design, for many purposes. 

The graduated parts of the Jai Prakas require refacing either with marble 
or other suitable stone. The original was in lime plaster but it did not last 
very long ; and in 1910 the facing was again done in lime plaster but the graduations 
are already becoming obliterated (see figures 32 and 33). The central iron rod 
(galvanised piping) should be removed and the cross wires replaced. 

The graduation (in lime plaster) on the walls of the Earn Yantra are not 
so exposed and consequently not so liable to deteriorate as those in the Jai 
Prakas. The walls of the Ram Yantra at Jaipur are in marble but there the 
instrument is much smaller than that at Delhi. 

The Misra Yantra graduations are all in lime plaster and should all be 
done in stone or marble. This means refacing the edges of the gnomon and the 
semicircular meridians and inlaying on the quadrants, etc. 

The mural quadrant described by Hunter (see page 47) and no longer in 
existence might be rebuilt. It was originally to the west of the Misra Yantra 
but the space is somewhat limited there. There are examples at Jaipur (figure 
56), Ujjain (figure 62), and Benares to serve as models. 

The probable use of the two pillars marked on the general plan has been 
already explained (page 46). A brass instrument such as the Unnatamsa 
Yantra or large Yantra Raj at Jaipur might be replaced. 

The tablets on the instruments should be restored and revised, and they 
should of course be placed where they can easily be read and should give 
the name of the instrument, its uses, dates of construction or restoration, the 
name of the original designer (in most cases Jai Singh) and the restorers. The 
English versions should be revised by a European astronomer.^ 


' Two of the present tablets are too distant to be read with ease. 

^ The following is an example of those now on the instruments : — 

'■ Kark Rashi Balay Yantra, Restored A.D. 1910. Tested by Jotish Gokal Chand Bhawa, for findin g the longi- 
tude of the sun when the Cancer or the point 90 in the Faliptic comes over the plane of Meridian.” 
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The elements for Jaipur Observatory are approximately as follows ; — 


Latitude^ 

Longitude 


. 2G’ 55' 27-4" 
. 75’ 49' 18-7" 


Height above sea level . 
Magnetic declination 
Local time . 


1 ,582 feet. 

. E. 1° 45' in 1915. 

. is 26 minutes 43 seconds after standard time. 


46. The observatory is within the palace precincts about 300 yards east of 
the minaret.^ It is in an excellent state of preservation and is one of the 
‘ sights ’ of the city. The general plan (plate XXI) shows the arrangement and 
some details of the instruments, which are also illustrated in plates XX and XXII. 

Not only are there the usual masonry instruments but also a number of 
brass instruments of very considerable interest : and in the Museum outside 
the city walls are other brass astronomical instruments that no doubt formed 
part of Jai Singh’s astronomical equipment. These latter have already been 
described in some detail (p. 16 seq.) : some of them are of very great interest and 
value. The following list enumerates all the instruments in the observatory and 


the more important of those in the museum : — 

Masonry Instruments. 
Samrat Yantra ....... 

. Plate XXI. 

Shashthahsa Yantra 

• 



Rasi Valaya 



. . Figures 54 and 55. 

Jai PrakaS . 



. . Figure 30. 

Kapala 

• 


„ 31. 

Ram Yantra 

• 


„ 59. 

DigamSa Y’antra 

• 


. Plate XXL 

Smaller Samrat Yantra 



. . Figure 52. 

Nari Valaya Yantra 



„ 53. 

Dakshinovritti Yantra . 



„ 56. 

Chakra Yantra 

Metal Instruments. 

• • • « • 

. . Figure 57. 

Kranti Yantra 

• 

• • • • 

. „ 58. 

UnnatamSa Yantra 

• 

* • • • 


Yantra Raja or Astrolabe 

• 

. • • • 

. Figures 28 and 29. 

Astrolabe A 


In the Museum. 

. Figures 5 and 7. 

„ B . . 


. 

„ 6, 8, and 13. 

„ D . . 


• • • 

. . „ 10, 11 and 14 

Zarqali astrolabe . 


• • • * 

,, 19 and 20. 

Miscellaneous 


• 

„ 26, 27. 


1 The position of the palace minaret (Isri Lat) about 200 yards to the west of the observatory enclos- 
ure, is Lat. 26° 53' 27 4' N., Long. 75° 49' ISv" East of Greenwich. Tieffenthaler gave for Jaipur 26° 53' 
K. and 73° 43' East of Paris. Father Boudier gave for the observatory Lat. 26° 56' X. and Long. 73° 
50' E. of Paris. See page 6, 
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47. Samrat Yantra. — The large Samrat Yantra is situated at the south-east 
corner of the observatory enclosure. It is the largest of all of Jai Singh's 
instruments being nearly 90 feet high and 147 feet long, and the radius of the 
quadrants 49 feet 10 inches. It is graduated to read to seconds but this is 
impossible in practice owing to the ill defined shadow (i.e., due to the size of 
penumbra). The tangent scales on the edge of the gnomon (see p. 36) cannot 
now be used owing to the instrument overlooking the palace zenana enclosure. 
The readings of the quadrants appear to be slightly inconsistent, the eastern 
c[uadrant giving readings that are about two minutes out as compared with 
the time registered on the western quadrant. 

The general structure is the same as that of the Delhi instrument but it 
is of somewhat more elaborate construction and on a larger scale. Like the 
Delhi instrument the foundations are below . the ground level but the floor is 
qmkl'a and proper arrangements are made for drainage. 

Shashtamsa Yantra. — The Shashtharnsa Yantra, or sextant instrument, is 
a huge convex arc of 60 degrees and of 28 feet 4 inches radius lying in the 
meridian. There are two pairs of such arcs built into the masonry that sup- 
ports the east and west ends of the Samrat quadrants. A small hole in the 
roof of each structure allows the sunlight to fall on the arc at noon. The 
instrument is capable of giving very accurate results but the readings are said 
to be in error to about 4 minutes. 

Rasi Valaya Yantra. — The Ra.4l Yalaya or ‘ ecliptic instrument ’ consists of 
a collection of dials situated on a platform to the west of the Samrat Yantra 
(Plate XXI and figures 54 and 55). There are twelve such dials one for each 
sign of the zodiac (that for Capricornus is seen in figure 55) and each instrument 
is exactly of the same type as the Samrat Yantra, but the quadrants lie, not 
in the plane of the equator, but in the plane of the ecliptic when the parti- 
cular sign is on the horizon, and the edge of the gnomon then points to the 
pole of the ecliptic ; consequently at the proper moment the instrument indi- 
cates the sun’s latitude and (with appropriate graduations) longitude. The radius 
of the quadrant is 5 feet 6 inches in the case of four instruments and 4 feet 
l.f inches in the case of the other eight. The contemporary lists do not mention 
the Rasi Yalaya. 

Jai Prakas. — The Jai Prakas is constructed in the same manner as the 
Delhi instrument (Plate XXI an I figure 30). The principle of the instrument 
has already been explained (p. 37). It was completely restored in 1901, in 
white marble and the various circles were then marked in different colours.^ It 
is 17 feet 10 inches in diameter. The instrument shows time and declination 
and the signs on the meridian. 

Kapala. — The Kapala is another hemispherical instrument and is peculiar 
to Jaipur (figure 31). There are two examples— one being a hemisphere with its 
upper edge repre.senting, as in the Jai Prakas, the plane of the horizon while 
in ihe other it represents the .solstitial colure. The latter indicates ‘ rising signs ’ 
im^tead of meridian .signs. Each Kapala has a diameter of 11 J feet and is a 


1 'J )ic' colours have since disarj'carcd. 
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complete hemisphere, that is, no pathways are cut as in the Jai Prakas. The 
graduated rims are in marble hut the remainder of the surfaces are in lime 
plaster. 

Ram Yantra. — There are four instruments in white marble (plate XXI and 
figure 59) but all of them are quite modern (? 1891) and were made according 
to Jagannath’s instructions. In principle they are exactly the same as the 
instruments at Delhi but are much smaller, the larger pair being 23 feet 11 
inches in diameter. The sectors are twelve in number occupying 12° each in 
one instrument and 18° in the other. For an explanation of the construction 
see p. 37. 

Digamsa Yantra. — The Digariisa Yantra or azimuth instrument has already 
been described (p. 38). There is no such instrument at Delhi but there are ex- 
amples at Uijain and Benares (Plate XXI). 

Nari Valaya Yantra. — There are similar instruments, but much smaller, 
at Ujjain and Benares. The instrument at Jaipur is a masonry cylinder some 
10 feet in diameter.^ The axis of the cylinder is horizontal and in the plane 
of the meridian and the parallel faces which form the dials are in the plane 
of the equator. The dials are graduated into ghatis and palas and also hours 
and minutes. According to Garrett the southern face was added by Jai Singh's 
grandson, Maharaja Purtap Singh. 

Dakshinovritti Yantra. — The construction of the Dakshino Vritti Yantra 
or mural quadrant is clearly seen in plates XXI and figure 56. It is of the 
same principle of the similar instruments at Ujjain and Benares (that at Delhi 
has disappeared). On the east face are two quadrants of 20 feet radius and 
on the west face is a semi-circle of 19 feet 10 inches radius. It was used for 
taking meridian altitude®. 

The metal instruments have already been described in detail (page 16 seq.). 

48. History.— Jaipur city was built about A. D. 1728 and the observatory 
was constructed about A. D. 1734. The earliest detailed description is that by 
Tieffenthaler, a Jesuit ^Missionary who travelled in India from 1743, the date 
of Jai Singh’s death, to 1786 ; but the earliest reference to the observatory i.-^ 
possibly that by Father Boudier who with another priest visited Jaipur in 1834 
and made observations. He makes no references to the instruments- and they 
were possibly only in the course of construction at the time of his visit. He, 
however, mide observation for the determination of the latitude and longitude 
of the observatory itself.® 

Tieffanthaler’s description* of the observatory is as follows : — • 

But a place that deserves detailed description is that where astronomical 
observations are made : it is such a work as is never seen in this part of the 
world, and, by the novelty and grandeur of the instruments, strikes one with 

* In the g-neral plan (phdr XXI) the t-upporting masonry work is not .shown but .see tigu-e o.'i. 

* Neither does he make any reference to the instrument.s at Delhi although he made ob.ser\ alions there 
long after the olj.servatory was built. 

^ LO/rts tdifianlis. etc., pp. 269-200. See page 6. 

^ Dfcs Pattr Josiph Tkfjtnthalcr's histori^ch — geography fdie Bischreibumj inn Ihndiistan, 1 7 bo, \i i i, 
p. 244/. French ed'tion, p. 316 /. 
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astonisliment. This large and spacious observatory is close to the King’s palace. 
It is situated on a plain surrounded by walls and was constructed especially 
for the contemplation of the stars. 

“ On entering one first sees the twelve figures of the Zodiac all arranged 
in a large circle and made of purest lime. Kext are seen diverse sections of 
the astronomical sphere, fixed according to the height of the pole at the place — 
with diameters of 12 or more Paris feet,^ and besides these some large and small 
equinoctial dials and some astrolabes made in lime, also a meridian line and 
a horizontal dial engraved on a very large stone. 

“ But what attracts most attention is a gnomon {axis miindi) remarkable 
for its height of 70 Paris feet' and for its thickness — constructed in brick and 
lime, situated in the plane of the meridian, with an angle equal to the height 
of the pole. On the summit of this gnomon is a belvedere which overlooks all 
the town and is so high that it makes one giddy. The shadow of this gigantic 
gnomon falls on a prodigiously large astronomical semi-circle, of which the horns 
are turned towards the sky. It is artistically constructed in whitest lime or 
gypsum and is graduated in degrees and minutes. In the morning the shadow 
falls on the western quadrant and in the evening on that towards the east, 
and, as the gnomon lies between both the quadrants, the sun’s altitude can be 
found at any moment. A double dial, constructed also in lime, is seen near 
these quadrants. It is enclosed in a kind of chamber on either side of which 
it is raised. When the sun passes the meridian a ray of this star enters through 
each of two holes pierced in a sheet of copper, and when these rays fall exactly 
on the middle of the two quadrants, low in summer and higher in winter, the 
sun is in the meridian sign and its meridian height is indicated. 

“ The instruments which follow have similar graduations : there are three 
very large astrolabes cast in copper, suspended by iron rings ; a circle also 
of cast copper, fitted with a rule (or alhidade) and elevated at the height of 
the pole, suitable for determining the declination of the sun— for when you turn 
this instrument towards the sun it will indicate the declination on the ground. 

“ I pass over in silence other less important instruments, but a matter 
which detracts from the value of the observatory is that, in a low situation 
surrounded by walls, the observer cannot see the rising and setting of the stars ; 
also the dial, gnomon and other parts being in lime plaster prevent one from 
making very exact observations.” 

49. Restorations. — The Jaipur observatory, being situated in the palace 
precincts, has been carefully preserved and has been added to from time to 
time. Possibly the Rasi Yalaya was added after Jai Singh's reign and possibly 
some of the brass instruments were brought from the Delhi observatory, but we 
have no direct information on these points. Some additions appear to have 
been made in 1891 and in 1901 His Highness the present Maharaja decided to 
restore the observatory completely. The ser^^ces of Lieutenant A. H. Garrett. 
R.E., were, lent and the wmrk w'as finished in 1902, in which year also Lieute- 

' 12 Paris feet = 12-8 English feet approximately. 

’ 70 Paris feet=74.J English feet approximately. 
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nant Garrett, assisted by Pandit Chandradhar Guleri, prepared and published 
an account of the observatory. This account, as far as the descriptions of the 
instruments are concerned, is an excellent one, but the parts relating to the 
history of astronomy are not so reliable. It is difficult to judge of the work 
of restoration as no reliable account of the observatory before the restoration 
took place is available. Colonel Hendley in 1886 gave a rough plan of the 
observatory and a hst of the instruments^ but not in sufficient detail for nurnoses 
of comparison. 

Lieutenant Garrett’s work has been somewhat severely criticised in one 
respect.® He found the Rasi Valaya instruments did not accord altogetlier 
with his idea of their use and altered the angles slightly. He assumed that 
each instrument corresponded to a ‘ rising sign ’ and was to be used at the time 
of rising of the particular sign for the measurement of the celestial latitude and 
longitude. The following table shows the actual alterations made in the twelve 
instruments corresponding to the twelve signs. 


Signs. 

Measubements of gnomoes 

BEFOKE ALTERATION. 

Measurements of gnomons 

AFTER ALTERATION. 

Azimuth. 

Altitude. 

Azimuth. 

Altitude. 









e • 

0 f 

0 f 

O 9 

Aries , 


• 


♦ 

• 

« 

• 

—26 0 

27 0 

—25 56 

24 32 

Taurus . 




« 

« 

• 

• 

—21 30 

15 30 

—21 17 

14 25 

Gemini . 




• 

• 

• 


—12 30 

7 0 

—12 19 

6 36 

Cancer . 




• 

• 

• 


0 0 

3 30 

0 0 

3 28 

Leo 




• 


• 


12 30 

7 0 

12 19 

6 36 

Virgo . 


• 


• 




21 30 

15 30 

21 17 

14 25 

Libra 


• 


• 




26 0 

27 0 

25 56 

24 32 

Scorpio . 




■ 




26 0 

38 0 

25 37 

35 33 

Sagittarius 




• 




18 0 

46 30 

17 10 

45 42 

Capricomus 




• 




0 0 

50 30 

0 0 

50 22 

Aquarius 




• 




—18 0 j 

46 30 

—17 40 

45 42 

Pisces . 

• 



• 


• 

• 

—26 6 1 

38 0 

—25 37 j 

35 33 









Maximum alteration 

0 29 1 

1 

2 28 


‘ London Indo-Colonial Exhibition in 1886. Handbook of the Jeypore pp. 59-62, 

• /ndta”. Antiquary XXXV, 1906, p. 34. 



Chapter IX.— UJJAIX OBSERVATORY^ 


Latitude 
Longitude . 

Height . . 

Magnetic Declination 
Local time is 26 minutes 


. 23° 10' IS' N. 

. . . 75° 0' E. of Greenwich. 

. , . 1500 feet. 

. 0° 45' E. (1915). 

52 seconds after standard time 


50. The observatory is situated to the south west of the present city in 
the quarter called Jaisingpura, on the north bank of the river Sipra. From the 
Water Works it is half a mile west. The general situation is seen in the attached 
map and in figure 60. The river bank is corroding away and about a quarter 
of u mile to the east of the observatory is seen the remains of a well now 
.standing in the river itself. The observatory is 125 feet north from the river 
and is hardly in danger owing to this proximity ; but the drainage about the 
observatory is not under control. There is a small and apparently fresh nullah 
quite close by and the foundations of the Digarhsa Yantra have already been 
partly worn away. 

51. The observatory now consists of the following instruments : — 

(a) The Samrat A'antra. 

(b) The Dakshino Vritti A^antra. 

(c) The Nari Valaya A'antra. 

{d) The Digamsa Yantra. 

These are all in a state of ruin. The foundations of the Digarhsa Yantra 
have evidently moved and its walls are badly cracked. The Dakshinovritti 
Yantra is inclined to the perpendicular at an angle of about 5 degrees. This 
i,s possibly due to the faulty structure, for the foundations for this heavy mass 
of masonry seem to be inadequate. The Samrat A^antra is in a dilapidated 
state and the styles and graduation have disappeared from the Xari Valaya. 

Of the Samrat Yantra only a skeleton remains. In the general plan (plate 
XXIV) it is shown as though complete but figure 61 show's its actual present 
state. It is practically of the same size as the one at Benares and the -smaller 
one at Jaipur, namely, 22 feet high, the edge of the gnomon 47l, feet, and the 
radius of each quadrant 9 feet 1 inch. In 1796 or thereabout, when Hunter 
visited Ujjain, the quadrants were divided into ghatis and subdivisions. From 
the edges of the quadrants w'here they intersect the walls of the gnomon lines 
at right angles {GII, EF figure-s 34 and 35) were drawn on tho gnomon and 
perpendicular to its edge. From the points {H, F) wFere these lijie.s meet the 
edge of the gnomon scales of tangents w'ere marked on the edge-s. All these 
graduations have disappeared. (For the theory of the in.«trumcnt see page 36.) 

The Dakshinovritti Yantra. — (’ Jlerdian imstrimient ') i.s shown in plate XXIV 
and in figure 62. The ma-sonry work is fairly intact but the graduations have 
disappeared. The instrument wa.s originally something like that at Jaipur 
( figure 56). It consists of a wall lying in the meridian and on it.s ea.st face w'a.s 
a double quadrant the centres of which were at points near the top corners 
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of the wall and 25 feet apart. A portion of one quadrant is still visible, en- 
graved in the lime plaster with which the wall is faced, but this is probably 
not the original graduation. On the ledge below the quadrants there are traces 
of a scale of tangents. On the west side is a flight of steps (figure 62) leading 
to a narrow platform at the top. At the south-west end of this platform is a 
small pillar, 2 feet in diameter : According to Hunter this was “ graduated 
for observing the amplitude of the heavenly bodies at their rising and setting ; ” 
and was called Agra Yantra (‘ amplitude instrument ’). The graduations have 
now disappeared. At the middle of the platform and on the east side is a 
small projection of the parapet 2 feet 4| inches long and deep. On this. Hunter 
tells us, was “ constructed a horizontal dial called Puehlia Y miter.'” There is 
no sign of this dial now. 

The Nari Valaya or ‘ Circular dial ’ is constructed on the same principle 
as those at Benares and Jaipur. It is situated a few feet to the south of the 
Samrat A'antra and consists of a cylinder 7i feet long 3 feet 7^ inches in dia- 
meter, whose axis is fixed horizontally in the plane of the meridian, the faces 
of the cylinder being cut parallel to the plane of the equator. In the centre 
of each face and at right angles to it was an iron style round which was a circle 
graduated into ghalis and subdivisions. The styles and graduations have disappeared. 

The Digamsa Yantra is similar to the one at Benares. It is situated quite 
close to the Samrat Yantra on the east side and consists of an outer circular 
wall 36 feet 10 inches in diameter and 8 feet 10 inches high. Concentric with 
this is another wall 24 feet 4 inches in diameter and 4 feet 6 inches high. 
Originally there was a pillar at the centre but it has been removed. Cross 
wires were stretched north to south and east to west on the outer wall. At 
the four points of the compass in the outer and inner walls were arched open- 
ings, but all of those in the outer wall except that to the west have been filled 
up. The outer walls are badly cracked and a great part of the foundations is 
now exposed. This is due to the bad drainage of the slope to the river. The 
nullah that passes close by the Digariisa Yantra could easily be diverted. In 
Hunter’s time the building was “ roofed with tiles and converted into the abode 
of a Hindu deity ” so that Hunter was unable to examine its construction. 
This is of interest as showing that even in the eighteenth century the instrument 
was no longer used for astronomical purposes. Hunter also writes' : — “ Urania 
fled before the brazen fronted mars, and the observatory was converted into an 
arsenal and foundry of cannon.” 

52. There appear to be no records of any astronomical instruments at Uj- 
jain earlier than those installed by Jai Singh. The date of the construction 
of his observatory is uncertain but it was probably between A. D. 1728 and 
A. D. 1734 (see page 139). Tuere is no record as to whether or not the instru- 
ments were ever used for actual systematic observation but we know that before 
the end of the eighteenth century they had ceased to be so used. 

'There is some ambiguity in Hunter's reference but Fanny Parkes ( ICa/irff of n Pilgrim, etc.. 
II, 209) turns it into a certainty for she says: “The observatory at Oujein has since bet n converted into 
an arsenal and foundry of cannon.” Her information was obtained from Hunter. 
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The earliest known description of the Ujjain observatory was by the Jesuit 
priest, TiefEenthaler; who travelled in India from 1743 to 1786. His account* 
of the observatory is as follows : — 

“ Not far from there is a suburb built by Djesing, King of Djepour, a ci-devant 
governor of this province (Malwa). An astronomical observatory is to be seen there, 
w Jh instruments, made of cement : namely two equinoctial dials, one large and one 
small ; a gnomon (axis mundi) elevated according to the height of the pole at 
this place and set in the meridian ; and on either side of this is a quadrant of 
a geometrical circle ; also a dial made in lime and a meridian wall in stone.” 

The only other account of any value is that by Hunter (from which we 
have already quoted) who accompanied the Agra Eesident’s expedition to Ujjain 
in 1792-93. He briefly describes the instruments and he states that Jai Singh 
determined the latitude of Ujain to be 23° 10' N. and Hunter himself took con- 
siderable trouble in verifying this result which he considered correct to the minutes, 

53. Bestoration. — There has been considerable discussion as to the best means 

of preserving Jai Singh’s observatory at Ujjain ; and it has been suggested that 
it should be restored and improved so as to be of help in the work of reforming 
the Hindu calendar. The instruments as they now stand are, however, far 
too dilapidated to be restored satisfactorily for practical purposes. They should 
be preserved as relics and only restored to such an extent as to show them 
more or less in their original state. To attempt to do more with them would 
be foolish. Originally the instruments were by no means the best devised by 
Jai Singh and they never were instruments of accuracy in the modern sense. 
The work of restoration should have for its end the proper preservation of the 
instruments in their original form ; and to this end I make the following suggestions : 

(i) The drainage should be properly regulated. (It should be quite a simple 
matter to divert the drainage from the foundation of the instruments.) It also 
may be considered desirable to construct some protection on the river front, 
(ii) The ground surrounding the instruments should be levelled ; the trees, re- 
moved, etc. (iii) For the particular instruments the following suggestions are 
made : (a) The Samrat Yantra. — This should be restored on the same lines 
as the Benares instruments but Europeans graduations and symbols should not 
be employed. (b) The Dakshinovritti \ antra presents considerable difficulty 
because of its list. The only solution seems to be to take it down and rebuild 
it stone by stone on a secnre fcundaticn. (c) The Digamsa Yantra presents no 
great difficulty but parts of the walls will have to be taken down and rebuilt. 
Its permanent preservation is a matter of drainage. The cross wires should be 
replaced and the graduations on the walls remarked, (d) The Nari Valaya 
requires regraduation and the replacement of the styles. 

Ujjain the Greenwich of India. 

54. Ujjain (the o^rjvr) of the Greeks) or Avanti as it was often called, is 
mentioned in early Hindu Astronomical works as situated on the prime meridian 
and tradition also makes it the centre of astromomical learning in India. 

' Historische — geographische Beschreibung von Hindustan, vol. i, 246. 

^Asiatic Researches V, 1799, p. 194 f. 
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In the PanchasiddhdntiJcd (xiii, 17) we read : “ Ujjayini is near to Lanka, 

beinor situated to the north on the same meridian : hence the noon of the two 

O 

places occurs at the same time, but their days are unequal with the exception 
of the equinoctial days.” The latitude is given (v. 19) as 24° N. and “ the 
nddikds arising from the difference in longitude from Yavana are seven and a 
third in Avanti, nine in Varanasi.”’ (iii, 13.) 

The Surya Siddkdnta (i, 62) says : “ Situated upon the line which passes 
throut^h the haunt of the demons" and the mountain which is the seat of the 
Gods* are Rohitaka and Avanti as also the adjacent lake.” 

Alberuni’s discussion of the position of Ujjain is of considerable interest. 
He writes “ All canons of the Hindus agree in this that the line connecting 
Lanka with Meru divides the oiKoviLevy lengthwise in two halves and that it 
passes through the city of Ujain, the fortress of Rohitaka, the river Yamuna,^ 
the plain of Taneshar, and the Cold mountains. The longitudes of the places 
are measured by their distance from this line. On this head I know of no 
difference except the following passage in the book of Aryabhata of Kusumapura : 
— ‘ People say that Kurukshetra, i.e., the plain of Taneshar, lies on the line 
which connects Lanka with Meru and passes through Ujjam. So they report 
on the authority of Pulisa®. But he was much too intelligent not to have 
known the subject better. The times of eclipses prove that statement to be 
erroneous, and Prithusvamin maintains that the difference between the longitudes 
of Kurukshetra and Ujjain is 120 yojanas.’ These are the words of Arya- 
bhata. Ya‘Kub Ibn Tarik^ says in his book entitled the Composition of the 
Spheres, that the latitude of Ujjain is 4| degrees, but he does not say whether 
it lies in the north or south. Besides he states it, on the authority of the 
book Al-ArJcand to be 4| degrees®. We, however, found a totally different lati- 
tude of Ujain in the same book in a calculation relating to the distance between 
Ujain and Almansura,® which the author calls Brahmanavata, i.e., Bamhanwa, 
viz., latitude of Ujain, 22° 49' ; latitude of Almansura, 24° 1'. According to the 
same book, the straight shadov,' in Lohaniyye,'*’ i.e., Loharani, is 5f digits. On 
the other hand, however, all the canons of the Hindus agree in this, that the 
latitude of Ujain is 24 degrees, and that the sun culminates over it at the time 
of the summer solstice.” 

* Yavana is Alexandria whose longitude is approximately 29° 51' E, of Greenwich. Seven and one- 
third na4ikds=^2 hours 56 minutcs=4I degrees and 9 nddikas = 5i°. These give the longitude of Ujjain 
and Varanasi (Benares) as 73° 51' and 83° 51'. Their longitudes are approximately 75° 47' and 83° 0' 46*. 

® Lanka. 

® Mount Mem. 

* Alberuni's India (By E. Sachau) i, 316. 

^ ? At Mathura according to Albemni (i, 308). Rohitaka, he says, is in the district of Multan. It 
wr-fl deserted in Alberuni’s time. 

* 7 FI. circa A.D. 400. 

’ ? Died A.D. 796, see Suter, p. 4. 

j 45 

® Tins must be an equinoctial shadow length, which gives a latitude of tan — = 20° 57J' roughly. 

The correct latitude is about 23° 10' which gives a shadow of 5^’^ digits. 

* Th's is given on the ‘ Jaipur B’ astrolabe with latitude 27° 40' North. See p. 127 > 

^ j 6i 

* I’erhaps the Acuyiffaps of Ptolemy, tan = 25° 15' nearly. 
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Again he says (i, 308) : — “ The city of Ujain, which in the tables of the 
longitudes of places is mentioned as Uzain, and as situated on the sea, is in 
reality 100 yojana distant from the sea, etc.” 

Bhaskara in his Siddhanta Siromani {Ganita vii, 2) writes : — “ The line which 
passing above Lanka and Ujjayini and touching the region of Kurukshetra and 
other places, goes through Meru — ^that line is by the wise regarded as the central 
meridian of the earth.” 

Bhaskara also mentions L^jjain in several other connexions as the place of 
zero longitude and he gives its latitude as ‘ one sixteenth of the whole circum- 
ference, north of the equator. This is equivalent to 22j degrees north, whereas 
the latitude of the present city is about 23° 11', that of Jai Singh’s observatory 
being approximately 23° 10' 24". Another value was obtained from the length 
of the equinoctial shadow which was given as 5 dattdas 10 minutes, or 310 
minutes. This^ is the shadow of a gnomon 12 dartdas or 720 minutes high and 
hence the latitude = tnn == 23° 17' 40". 

55. The question of the formation of a new observatory at Ujjain is one 
of great importance. Ujjain is one of the most ancient astronomical centres 
in the world and not only should it have a modern observatory but it should 
be the centre of Hindu astronomical teaching. Perhaps one of the most im- 
portant practical questions to settle is the position of such an observatory, 
which is to be the position of zero longitude for Hindu astronomers, and is to 
accord with the traditional position of zero longitude. To assist in this very 
important matter the annexed map of Ujjain has, with the assistance of the 
Resident of Gwalior, the Director-General of Archaeology and the Surveyor- 
General, been produced. The Trigonometrical Survey point on the map is Hill 
1678 whose longitude is approximately 75°46'44" and latitude approximately 23° 
11' 6" North. It is doubtful whether there ever was a fixed position in ancient 
Ujjain which was considered as of zero longitude. Rather vaguely the old city 
of Ujjain — to the north of the present city — was meant ; or it is just possible 
that Jai Singh considered this point when he located his observatory to the 
south of the present city and that the site of Jai Singh’s observatory is the 
traditional place — but this is doubtful. The plan now to follow is to fix upon 
the position of the new observatory and determine its longitude and latitude 
independently of tradition. The accompanying map should be of help in ob- 
taining the first approximations for the longitude and latitude of such a position 
and it is hoped that it will be of use to the Pandits of Ujjain. 


^Guerin, Astronoviie indknne, Paris, 1847, p. 146. 
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Latitude ...... 25^ 18' 24-9" N. 

Longitude ...... 83’ 0' 46' 1" E. of Greenwich. 

Height above sea level .... 3 .j 0 feet. 

Magnetic declination . . . . E. 0’ 4-5' (1915). 

Local time . . . . . .2 minutes 3 seconds before standard time. 

56. The observatory is situated on the roof of the old part of the building 
known as the Manmandira, which was built by Mon Singh, a Rajah of Amber, 
who flourished at the beginning of the seventeenth century. (He died in A. D. 
1614.) This building is on the west bank of the Ganges near the IMani 
Karnika ghat and If miles south-ea.st by south from Queen’s College. The 
proper approach is from the river front, that from the city being through 
narrow, unsavoury alleys. “ Though not very architectural in its general 
appearance,” writes Fergusson,^ “ (it) has on the river face a balconied window, 
which is a fair and pleasing specimen of his (Man Singh’s) age.” (Figure 64). 

On the roof of the Manmandira as constructed by Man Singh and a little 
over a century after it was built, Sawai Jai Singh of Jaipur placed the astro- 
nomical instruments that now form the observatory. Some time about the 
beginning of the nineteenth century the Manmandira appears to have been 
enlarged, 2 and about the middle of the nineteenth century it was restored. 
In figure 64 the part of the Manmandira that supports the observatory is to the 
right ; the circular Digaihsa A’antra is seen above the three balconied windows. 

The general plan of the roof of this part of the building (Plate XXVI), 
shows — 

The larger Samrat yantra (AA), the Xarivalaya yantra, the Chakra yantra (CC), 
the Digarhsa yantra {DD), and the smaller Samrat yantra. 

On the east wall of AA is a double cjuadrant or Dakshinovritti yantra 
and to the south of AA is another Dakshinovritti } antra not shown in the plan. 
The grooves shown in the plan were pos.sibly u.sed for levelling purposes. 

57. The Samrat Yantra (AA) is of the same type as those at the other 
observatories and is the same size as that at Ujjain and the smaller one at 
Jaipur. Its height is 22 feet SA inches, the edge of the gnomon is 39 feet 
inches long and the radius of each quadrant is 9 feet ll inches (see p. 36). 
The edges of the gnomon and the quadrants are faced with sand-stone and 
the graduations are carefully marked. On the quadrants every half-hour is 
marked by two inlaid metal di-^^cs, the one towards the north edge being ins- 
cribed in Indian characters cvhile the one on the south is in European 
figures. Each edge is also graduated into minutes and cpiarter minutes ; and 
also into degrees and tenths of a degree. The edges of the gnomon are gra- 
duated with the usual tangent scales (see page 36). A comparison between 

1 .1 Hiflory of Indian and Eastini Archilrrlnre, vil. ii, 178. 

2 Compare Campbell s dran-ing (c. 1773) figure and Prinsep’s (c. 1825). The latter is given in Uf.nirfs 
Illustrated ly % series of Drawings, by J.iioes Prinsep. 
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a drawing made about 140 years ago (figure 67) and a recent photograph (figure 
66) shows that very little alteration has been made, the only noticeable being 
the inlaid metal discs already referred to, the employment of European symbols 
and the division into hours instead of ghatis. 

On the east wall of the gnomon are two graduated quadrants (figure 66) 
used as a Dakshinovritti Yantra or meridian instrument. Each quadrant has a 
radius of 10 feet 7 inches. The shadows of one of the pins (fixed at the top 
of each quadrant) gives the zenith distance at noon and zenith distances of other 
heavenlv bodies could be observed directly by moving the eye along the appropriate 
quadrants. Under theie (p.iadrants is a platform (shown in the plan) for the observer. 
Apparently in 1773 tiiese quadrants were not in existence (see figure 67) but according 
to Pandit Bapu Deva Sa- tri they were there in 1865. 

The other Dakshinovritti Yantra is a self-contained instrument consisting: 
of a wall lying in the meridian on the east face of which are two quadrants 
each of 7 feet 9f inches radius. Sir Robert Barker in 1777 stated that the 
quadrants were of different radii the larger of which he judged to be 20 fee'^. 
If his description be correct the instrument must have been entirely rebuilt 
later oii, possibly when the Ranmamrira was added to. In 1865 to the east 
of this instrument were three circles of 10 feet 3 inches, 2 feet 4 inches, and 3 
feet 5 inches respectively in diameter : and also a stone square with sides 2 feet 
2 inches. The circles were possibly used for c( nstruction purposes. 

The smaller Samrat Yantra calls for little remark. It is 8 feet 3 inches 
high and fhe radius of the quadrants is 3 feet 2 inches (figure 65). If the early 
drawing (figure 67) is c irrect the instrument has been moved from its original position. 

The Nari Valaya (' circular dial ■) or Vitara daksltino Go'.a (north and south 
dial) is a cylindrical dial — the axis of the cylinder pointing north and south 
and the northeiii and .southern faces l)eing parallel to the plane of the equator. 
At the centre of each face and at right angles to it is a short iron style sur- 
rounded by two circles —the outer one (on the northern face)* graduated in 
hours, etc., and the inner one in ghatis, etc. Be.sides serving as an ordinary 
dial the instrument marks the equinoxes, since the northern face can only be 
used for suu observations when the sun is north of the equator. The inscrip- 
tion on the instrument reads : — '' Xarivalaya Dakshin and Uttra Gola. The use 
of this instrument is to find whether the heavenly bodies are in the northern 
or southern hemisphere. It gives time also.” 

The Digamsa Yantra (' Azimuth instrument ') marked DD in the plan is the 
large circular luulding at the east of the terrace. It is partly visible in the 
general view of the i\fanmandira (figure 64). The exterior diameter is 311, feet, 
the outer wall is 8 feet 4 inches high and the inner wall and central pillar 
are each 4 feet 2 inches hi. di and an iron rod fixed to the central pillar is of the same 
height as the outer wall. The tops of both walls were originally graduated 
into degrees, etc. : and cross wires were stretched north to south and east to 
west on the outer wall. The use of the instrument is to measure azimuths 


^ There is s due indication tha tin.- inf.triiiiii‘nt wai originally made fur northern observations only. Sec p. 39. 
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or horizontal angles (see page 38), but it is now of little practical use owing 
to its being surrounded on all sides but one by buildings. 

To the south-east of the Digahisa Yantra there u<ed to be another dial 
whose diameter was 6 feet 2 inches. It was on a platform slightly higher than 
the terrace, and approached by steps. At the present time there is no space 
to accommodate such an instrument and Campbell’s drawing of 1773 (figure 67) 
shows no such instrument. However Williams mentioned that it had been ex- 
cluded from Campbell’s drawings^ and it was mentioned by Hunter in 1797 
and by Pandit Bapu Deva Sastri in 1865. 

The Chakra Yantra is shown in the plan at CC. It is an e(|uatnrial and 
was common to most media-val observatories. It consists of an iron circle 

(declination circle) 3 feet 7 inches in diameter, one inch thick and two broad, 
faced with brass on which degrees and minutes are marked. The circle is fixed 
so that it can revolve round an axis parallel to the earth's axis. At the south- 
ern extremity of this axis and on the pillar which supports the instrument is 
a graduated circle (hour circle) in the plane of the e([uator (figure 65). There 
is no pointer for this hour circle and according to Hunter there was none in 
1797. Attached to the centre of the declination circle is a sighter consisting 
of a hollow brass tube (figure 68) but this is comparatively new. Hunter wrote : 
“ Observations with this instrument cannot have admitted of much accuracy 
as the index is not furnished with sights ; and the pin by which it is fixed to 

the centre of the circle is so prominent, that the eye cannot look along the 

index itself.” In figure 68 can be seen what is probably the old index and also 

the new tube sighter. 

The sighting arrangement is fixed to the big circle by a pin and this pin 



Fig. 68. The Faras or Horse. 


^ Phil. Trans. Royal Soc. 1793 i. 45. 
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is fixed by a cotter or wedge, shaped roughly into some semblance of a horse’s head 
(figure 68). In i the section on the astrolabe (page IS) it was stated that the 
Arabs called such a wedge faras (‘ horse ’) and that in mediaeval Europe it was 
generally made into some semblance of a horse’s head (see figines 24). Thorw 
which Pyn,” wrote Chaucer, ther goth a litel wegge which that is cleped 
the hors that streyneth alle these parties to hepe.” There is abundant evidence 
to show that the horse shaped design of the wedge was brought to India bv 
the Muslims and the example on the Chakra Yantra is interesting as evidence 
of the persistence of a traditional design, and in some degree as evidence of the 
ultimate source of the design of Jai Singh’s instruments. 

58. History* — The Manmandira was built about the beginning of the seven- 
teenth century. Campbell's drawing of 1773 and Prinsep's of 1825 and recent 
photographs enable us to some extent to trace the additions and alterations 
made. The part of the facade that is directly under the observatory belongs 
to the oldest part of the building and that part that has no balconied windows 
is comparatively new (see figure 64). The fine window on the extreme north 
(right) of the building was given by Prinsep in his illustrations of Benares and 
has been described by Fergusson and Havell. 

The astronomical instruments were added by Jai Singh about A. D. 1^37.^ 
The date is not certain and nearly every writer gives a different one. Sir 
Robert Barker, who was almost a contemporary of Jai Singh*, said that the 
observatory was built by Akbar ; Prinsep wrote : The building was converted 
into an observatory by Jysing, A. D. 1680 ” and refers to a supposed des- 
cription of it by Tavernier f another writer gives A. D. 1693^ and another 
1700. Father Boudier who visited Benares in 1734 and made astronomical 
observations there makes no mention of the observatory. Jai Singh himself 
tells us that in order to confirm the observations made at Delhi he constructed 
instruments of the same kind at Jaipur, Mathura, Benares and Ujjain ; and the 
Delhi observatory was probably built about 1724 ; that at Jaipur was built 
in 1734 and William’s date for the observatory at Benares, 1737, may be ac- 
cepted. 

59. Early Descriptions. — In A.D. 1777’ Sir Robert Barker, who was for a 
short time Commander-in-Chief in Bengal, published a description of the instru- 
ments together with a perspective drawing of the observatory as a whole and 
detailed drawings of the Samrat Yantra done by Lieutenant-Colonel Campbell, 
Chief Engineer of the Company’s service. The perspective drawing is here re- 
produced (figure 67) and it shows that the main features of the observatory 
are the same to-day as they were nearly a century and a half ago. There are 
apparent differences but some of them may be due to the nature of the 
drawing : e.g., the Xarivalaya and the small Samrat appear to have been 

‘ This .s the date given by Williams, who, on all points that can be verified, i.s extremely reliable. 
See V- 139. 

2 Sir Robert Barker lived from 1729-1789 and went out to India in 1749 .six ye.,rs after Jai Singh’s dea'.h. 

^'I'aifinier di-d in lO 9. three years after .Tai .Singh’s birth. 

* This particular mistake is repeated in the Encyclopirdia Britnnnica, vol. 3, p. 714. 

•Sir Robert Barker left India in 1773. His cotes and the drawings were probably made in 1872-73. 
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displaced slightly ; the wall that supports the east quadrant is different in detail ; 
there are no graduated quadrants on the east wall of the gnomon ; the edge 
of the plinth on which the larger Samrat stands has changed its alignment ; 
and in the drawing no plinth at all is shown for the other instruments. From 
the notes of Williams and Hunter it appears that the drawing is somewhat 
incorrect, or at any rate misleading for the south east corner f)f the terrace, 
for it shows no trace of the second Kari Valaya described by them. 

Sir Robert Barker’s account of the Benares Observatory was of the nature 
of a communication to the Royal Society, London. Further information seems 
to have been asked for and this was supplied by Mr. J. L. Williams of Benares 
in A.D. 1792, who recorded very careful measurements and added some interest- 
ing details as to the history of the place. He writes ; “ The area, or space 
comprising the whole of the buildings and instruments, is called in Hindoo, 
Maun-mundel ; the cells and all the lower part of the area, were built many 
years ago, of which there remains no chronological account, by the Rajah Man- 
sing, for the repose of holy men, and pilgrims, who came to perform their ablu- 
tions in the Ganges, on the banks of which the building stand. On the top of 
this the observatory was built, by the Rajah Jetsing, for observing the stars, 
and other heavenly bodies ; it was begun in 1794* Sambat, and it is said was 
finished in two years. The Rajah died in 1800' Sambat. The design was drawn 
by Jaggernaut and executed under the direction of Sadashu Ma Makajin ; but 
the head workman was Mahon, the son of Mahon, a pot maker of Jepoor.” 

In 1799 Hunter gave a brief description of the observatory supplementary 
to the previous accounts. He speaks of the accuracy of Mr. William’s measure- 
ments and explains some of the terms used ; and clears up one or two other 
points. In 1848 Sir Joseph Hooker made excellent drawings of three of the 
instruments and in his diary recordsf that “ the observatory is still the most 
interesting object in Benares although it is now dirty and ruinous, and the 
great stone instruments are rapidly crumbling away.” The only other descriptions 
it is here necessary to mention are those by Pandit Bapu Deva ^astri ; Lala 
Chiman Lai, and Pandit Gokal Chand. 

Restorations. — Of previous restorations we know very little. Sherring states 
that the Brahmans “ were utterly careless ” about preserving the instruments. 
According to Havell the Manmandira was restored in the middle of the nineteenth 
century. In 1912 the present Maharaja of Jaipur ordered the complete restora- 
tion of the instruments. This work was very thoroughly done under the direc- 
tion of the court astronomer. Pandit Gokal Chand. 

The observatory at Benares has long since ceased to he used for practical 
purposes. The Brahmans consulted by MTlliams in 1792 all agreed that it 
“ never was used for any nice observations.” Its present situation, surreunded 
on most sides by buildings, is not ideal for astronomical purposes ; and the in- 
struments are of course very crude compared with those in modern observatories. 
The value of the observatory is chiefly historical ; it is a monument to one of 

» A.D. 1737. * A.D. 1743 

i Himalayatt Journals, 1854, pp. 7-1 — 77. 


1 
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the brightest intellects of India ; and it illustrates a very interesting phase of 
the history of astronomy. It might have another value if advantage were taken, 
namely an educational one : for the demonstration of the elements of practical 
astronomy a better set of instruments could hardly be devised. But, apparently, 
astronomy is no longer studied at Benares, Ujjain and Jaipur. 
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Chapter XI.— MATHURA OBSERVATORY. 

61. The old fort, at Mathura, known as Kans ka kila was rebuilt by Rajfi 
Man Singh of Jaipur. On the top of this fort Jai Singh built the last of his 
observatories. The whole of it has now disappeared. “ A little before the 
Mutiny,” Growsef tells us, “ the buildings were sold to a government contractor 
Joti Prasad, who destroyed them for the sake of the materials. Certainly 
they had ceased to be of any practical use ; but they were of interest, both 
in the history of science and as a memorial of one of the most remarkable men, 
etc.” 

Tieffenthaler and Hunter give brief descriptions of the Mathura observatory 
and as these appear to be the only actual descriptions preserved they are given 
in full. Tieffenthaler’s account (i. 143) is as follows ; — 

“ On the roof of the fortress are seen certain astronomical instruments, 
erected by the famous Rajah Djesing, a lover of astronomy : principally a gnomon 
in lime stone which represents the axis of the earth, 12 Paris feet in height ; 
some equinoctial dials of 5 spans in d’ameter ; and some other smaller ones 
arranged for the latitude of the place ; while other instruments exhibit different 
sections of the sphere. The observatory is only a feeble imitation of that at 
Djepour ; but it has the advantage over the latter of an elevated situation 
which dominates an immense plain, while the observatory of Djepour is situated 

in a plain and the rising and setting of the stars cannot be seen except from 

the top of a masonry gnomon of prodigious height.” 

62. “ At Matra, ” vTote Hunter in 1799,^ “ the remains of the observatory 

are in the fort, which was built by Jayasinha^ on the bank of the Jumna, 
The instruments are on the roof of one of the apartments. They are all mi- 
perfect and in general of small dimensions. (1) An equinoctial dial, being a 
circle nine feet two inches in diameter, placed parallel to the plane of the equator 
and facing northwards. It is dhuded into degrees, which are numbered as pals 
10, 20, 30, 40, 50, 60 : lastly, each subdivision is further divided into five parts, 
being 12 minutes or two pals. In the centre is the remains of the iron style 
or pin, which served to cast the shadow,® (2) On the top of this instrument is 
a short pillar on the upper surface of which is an amplitude instrument, but it 
is only divided into octants. Its diameter is two feet two inches.* (3) On the 

level of the terrace is another amplitude instrument, divided into sixty equal 

parts. Its diameter is only thirteen inches. (4) On the same terrace is a circle, 
in the plane of the horizon, with a gnomon similar to that of a horizontal 


t Mathura, : District Memoir, 1883, p. 131. 

^ As. lies., V., p. 180. 

’ The fort was built by Man Singh. 

’This description is interesting as it corresponds to the instructions given by Jaganr.5<-h (see p. 39). 
The Benares dial is similar and possibly had only a north face originally. 

* There is a similar pillar on the Jaipur instrument (see plate XX, figure 63), and also one on the top 
of the gnomon of the Samrat Yantra at Delhi 

1 2 
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dial, but the divisions are equal, and of six degrees each. It must therefore have 
been intended for some other purpose than the common horizontal dial, unless 
we may conceive it to have been made by some person who was ignorant of 
the true principles of that instrument. This could not have been the case with Jay- 
sinha and his astronomers ; but the instrument has some appearance of being 
of a later date than most of the others : they are all of stone or brick, plais- 
tered with lime, in which the lines and figures are cut ; and the plaister of the 
instrument, though on a level with the terrace, and consequently more exposed 
to accidents than the others, is the freshest and most entire of them all. (5) On 
the east wall, but facing westward, is a segment, exceeding a semi-circle, with 
the arch downwards. It is divided into two parts, and each of these into fifteen 
divisions. Its diameter is four feet. On the west wall, facing eastwards is 
a similar segment, with arch upwards divided into the same way as the former. 
Its diameter is seven feet nine inches.” 
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Chapter XII.-HISTOEICAL PERSPECTIVE. 

63 . To enable us to place the material collected in its proper historical 
perspective it is necessary to survey briefly the development of astronomical 
science as it affected Jai Singh's work. In making such a survey it is neces- 
sary to bear in mind not only the particular theories, topics and methods to 
be elucidated, but also the views of previous v riters. 

Of Jai Singh’s theories we have but little information ; tradition or mistake 
has allotted to him the whole Ptolemaic theory, and possibly he accepted it 
all ; but he must have been acquainted with the teaching of Kepler, Galilei 
and Newton for he possessed the works of La Hire, Flamsteed and others. 
The topics he dealt with are outlined in the preface to the Zij Muhammad 
Shdhi. Principally he was concerned with the design of instruments and 
practical observation with a view to the preparation of a catalogue of the 
stars, etc. His bent was practical and he was particularly anxious to eliminate 
instrumental errors. 

These points have been illustrated in the foregoing chapters which also have 
indicated incidentally the sources from which Jai Singh obtained his astro- 
nomical notions and inspiration for his methods. There is not the slightest 
doubt as to the main influence that directed his activities — it was that of the 
Muslim astronomers of the type of Ulugh Beg ; but it is still popularly supposed 
that Jai Singh’s work was principally, if not wholly, of Hindu origin, and pre- 
vious writers have helped to strengthen the notion. Sir William Jones was one 
of the first to give this impression : “ The Sanskrit work,’’ he says,‘ “ from which 

we might expect the most ample and important information, is entitled Chctrader><n 
or a \new of geometrical knowledge, and was compiled in a very large volume by 
order of the illustrious Java Singha comprising all that remains on that science 
in the sacred language of India.” AX considerable trouble and expense this work 
was published by the Bombay Government and it turned out to be a Sanskrit tran.s- 
lation of Xasir al-Din al-Tu.sTs edition of Euclid's Element <. Hunter was also 
misleading in a negative way, and more recently Garrett s (otherwise most excel- 
lent) book is somewhat remarkably wrong on historical matters. It practically 
makes Jai Singh the author of the Almagest, and the Hindus the inventors of 
the astrolabe ; and generally gives the impres.sion that Jai Singh's work was 
wholly of Hindu origin. “ He revived Hindu astronomy, ” it tells us, ’• and gave 
such an impetus to its study as had not been known in India since the time 
of Brahmagupta in the seventh century. 

It is necessary, therefore, not only to trace Jai Singh's theory and practice 
back to their proper sources but to examine in some detail the possible connex- 
ions between his work and the traditional Hindu theorc and practice. 

1 The works of Sir William Jones, with the Life of the Author. By Lord Ti-ignmuuth. vol. lii. p. 240. 
Sir W. Jones was usually wrong on astronomical matters. Ho emphasises his own mistake in tins instance 
by his caution to others : “ Provided,” he says, - that the utmost critical .sagacity were applied m dis- 
tinguishing such works.” 

"-Pp. 10,2', 21. 
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For purposes of exposition it is convenient here to speak of the influence 
of three schools of astronomy (i) Hindu, (ii) Mu-slim and (hi) Eurojrean.^ Jai 
Singh was to some extent in contact with all three and it is a matter of con- 
siderable interest to determine the quality and quantity of their influence on 
him. Although he actually lived in the eighteenth century of our era the in- 
fluences that directed his activities were medieval ; little advance had been 
made by the Flindu and [Muslim schools for centuries and the advances in Europe 
were too recent to be fully appreciated. 

Hindu Astronomy.- 

64. There is a certain amount of very interesting mythological astronomy 
recorded in the Vedas but the earliest formal Hindu astronomical works are 

the Jjjotis/ia Vedaiiga and the SHit/a Fraji'/apti, the latter of which exhibits a 

strange cosmographv (with two suns, two moons, etc.'*) while both have the crude 
elements of a scientific astronomy. These works are of considerable historical 
interest : thev show little, if any, Greek influence. 

Soon after the beginning of the Christian era the traditional astronomical 
svstem in India was largely discarded and the system in vogue in the Greek 

schools was imported and assimilated. In the Paitcha Siddhantila of Varaha 

Hihira we possihly have summaries of two we.dern books — the Paulisa and 
Pnmahi Siddhfott'is. but quite apart from this there is abundant evidence to 
show not only (Ireek influence Imt Greek domination. The representative Indian 
work that exhibits the astronomy of this period is the Surya SiddJuinta. In 

its original form this work was proltably compo.sed about A.D. 409, and the 

recension now in use about A.D. 1100. Since then very little attempt at advance 
has been made. The orthodox still accept the Surya Siddlulnta as authori- 
tative and other works are not essentially difl'erent. 

Such are the facts but there has been an extraordinary amount of mis- 
conception current. According to Hindu tradition the Surya Siddhdnta was 

composed some millions of years ago.^ Baiily towards the end of the eighteen 
centurv cc)n'<i(lered that Indian astronomy had been foimded on accurate obser- 
vations made thousands of years before the Christian era. Laplace, basing his 
arguments on figures given l»y Baiily. decided that some 3.000 years B.C. the 

Indian astronomers had recorded ohservations of the planets correct to one 

trecond ; Playfair'’ supported Bailly’s views ; Sir William Jones argued that correct 
observations mint have been made as early as 1181 B.C. ; and so on; but with 

^ Till' qiif'tii u of ( inlli!ci]i c li.o not lircn coioiiicn-l : l>nt it Is intpn''tinf; to note that in the 

e'-riiteontli fi-ntury tlie FreiKii .Ii-'iiit^ lii'!|i((l tlie ( 'hiM-c in tl'cir n-trononiv : .ind at Pekni<: ,a few ve.ars 
a to were several leree in-ti uitienf-, --ni'i.o-i (1 to he de-ieneil l.y Fatlier Verhieet. coph^l from there of 
Tycho B .die. and a!-o .'•oiue Mu-lim in-lruni( ntt, of an eailn r date. See C. Forbes IhUunj oj AUronomp 
IT- 

- The fo! owins notcj atlerti)it to aive very hri.-tiv on'y a f.iir notion of Hindu astronomy. No ntt mip 
has fieen ni .de ,.t . oi.ipleteni-s. For fnrtlier information reference should be made to the works enumertUod 
in the annexed bibliograpliy (p. 141 seij.). 

“ T.ie stroll. eiii' a,l i otions of the e.irly Christian writers were often far more absiir h Se" p 

** nrnn S xhJhri pfp, i. 2-3. 

^Afterward, both Lapl.u-e an<l Playf.iir recanted. Soo my Uindu Astronouiy. 
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tlie researches of Bentley, Colebrooke. "Weber. "Whitney, Thibaut and others more 
correct vie^ys were introdnced ; and it ha.s long been known that the fignres used 
by Bailly are comparatively modern. 

Vedic Astronomy. 

05. Yedic Astronomy is more poetical than exact and it is of interest, apart from 
its poetic value, chiefly as a .subject of controversy. Certain .scholar';, c.//.. 
Bikshit, Tilak, Jacobi and others, argue from rather vague astronomical premi'-es, 
partly based on the text.s, an extreme anthpuity for the Yedic writings ; others 
do not accept their views. 

The Yedic year was 12 months of 30 days each and an occasional inter- 
calary month, the thirteenth month fabricated of days and nights, having thirty 
members.” (A.Y. xiii, 3, 8.) There is no indication of any definite cycle. 
(The five-year cvcle appears later.) The year was also divided into tv.'o ecpial course.s 
or atjanas, a nothern course or rttaraf/ana beginning at the winter sohtice, 
and a southern course or DalshoKojum beginning at the summer soBticc. 

In the Rig Yeda two asterisms only are mentioned, Jlaghfi and Phalguni ; 
but in lat?r Yedic texts {e.g., A.Y.. xix, 7. 1-5) a complete li.A of the 28 

nrilsliatms or asterisms i.s given. This list is headed by Kriidl'ds or the Pleiades, 

which marked, it is believed, the vernal ecpiino-x of the A'edic year ; and this 
is a foundation, although not a very secure one, for Yedic chroiiology.^ 

If the vernal eipiinox was marked by Kritlilds then the jreriod of fi.xing 
this was about 2350 years B.C., when the vernal eciuinox was approximately 
of the same longitude as Alcyone ( rj Taiiri) the brightest of the Pleiades. But 
the only evidence we have is the occurrence of the list of nakshatras with 
Krittikas at the head and, if the as.sumption made is true, the only legitimate 

conclusion is that this list must have been prepared at some time after 2350 B.C. 

It may have been an exotic list; or it po-s.sibly ^might be a genuine record of 
Hindu observation at some time or other. There is another difficulty in the 
fact that according to the Hindu records Krittikas apparently marked the vernal 
e'|uinox for a very considerable period. 

(Other parts of the Yedic texts have also been msed for the purpose of 
establishing their great antkpiity, e.g., Jacobi attempted to prove that the 
Yedic year commenced with the summer solstice. His arguments are ba.sed 
on th? following very doubtful rendering of a verse of the ‘ Frog Hymn ; 

“ Those leaders of rites ob.serve the institutes of the gods, and disregard 
not the season of [the twelfth month] v as the year revolves and 
the rains return, then scorched and heated they obtain Freedom. 

Dikshit,® from a passage of the Brahmanas (S.B. II, 1, 2 “ '), fixes the 
age of its composition at 3000 B.C. The words " They (ihe Krittikas) do 
not move from the eastern quarter while the other asteri.^ms do move from 

* According to Allioruni (TT, 8) in his time the year was comiiia-.ici-d with t hitra. Idi.i.lrap.ida, .ittika, or 
Mrigasiras according to hs-nlity o'" jircdiliction. Si’C also Fleet J.U.A.S.. 11)10, p. iiiO. 

- Other translations give “ the twelve niontl.s.” 

** Itulian Anliqunry 1895, XXIV, p. 245. 
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the eastern quarter ” he takes to mean definitely that the asterism Krittikas 
(Pleiades) and no other asterism was on the equator ; and he writes “ In niy 
opinion the statement conclusively proves that the passage was composed not 
later than 3000 B.C.'’ Many other similar interpretations have been strived 

after. 

In Vedic texts no definite mention is made of the planets, although much 
ingenuity has been exercised in interpreting the texts otherwise. There are possible 
reierences to eclipses which Ludwig, with some skill, has attempted to identify. 


Vedanga Astronomy. 


GO. {a) The J tjotisha YedCit)(ja'^ and the Sanjafrajuapti contain the earlie.st 
formal astronomical statements. The former introduces the o-year cvcle of 
1830 apparent solar days. The year was tropical in theory and contained 3GG 
apnarent solar days and was therefore too hmg. The sidereal year was 3G7 

sidereal days. The lunar day f)r titld was of an ordinary day, but wa.s 

reckoned as etpiivalent to an ordinary day for calendar purposes, one tithi being 
omitted as occasion required. There were 27 nakshatras each supposed to 
occupy = 13.\ degrees of the ecliptic, and each nakshatra was considered 

to be divided into 124 equal divisions or awsas. The sun therefore traversed 

5X27 asteiism-s in the five year cycle or '—^ 1 ^ aiiisas a day; and to traverse 
one nakshatra it took 13;', days =13 days 335 halds, since there are 603 l:alds 
in one day. The moon travcr-sed nakshatras in one day and one nakshatra 

in 1 day 7 kalas. 

The five-year cycle appears to have commenced with the winter solstice 
and Sravi.shtha is said to have marked the beginning of this cvcle, and also 
the beginning of the sun's progress, and also the winter solstice — all of which 
are in agreement. If Sravishtha is to be identified with a. y and 8 Delphini 
(as it usually is) then it mai-ked the winter solstice about B. C. 1100. But 
a li>t oi asterisms given in the text begins with Asvini ( f. and y Arietis). which 
marked the vernal eipiiuox about the beginning of the Christian era. The 

Vedanga states tliat during the northern progress of the sun the days increa.se 
in length at an even rate of r.57 minute- a day or 4 hours 48 minutes in six 
month- of 183 day-^- ; t1ie northern ami southern progress are considered equal. 

(b) The Sdrijrrpirij/inpti is a Jain treatise on astronomv that is similar in 
many respects to the ^ edanga. The Jaiua- held the old Indian idea of the heavenly 
bodies revolving round mount dlmai and as a corollary to this they 

conceived two suns, two moons and two sets of constellations. The five-year 

cycle began with the summer soLtice with the sun in Pushya and Tliibaut 

thought this was a correetion. from actual observation, of the older Vedahga 


1 Ef /'i i.s uaiiv' uf c rt.im works or of works iv-.irdcd as auxiliary to thr V,-d,i. Tho ^ 

are 7'' 1 r.dlv |•ousi<-!crl■d a- of a suino-whrt LUi't date. ' ^ 

^ The talde of donates on p-.ee 131 shows tint an inerease of hoars eorresponds to a latitude 
of 3.; :is' N.. the ohha-uty hMuj: taken as 23. decrees. For a greater oWiqnitv ,t would he furtho- north 
3 Tidhanr ealculUe, a preces^on of IT- 3 or a ddlerenee of 1246 years between the Vedanta and 
the Su yaprapiapti but gives a caution as to the uncertainty of the deduction. ’ 
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Another point of difference was the employment of 28 nakshatras of unequal 
extent and this altered, theoretically, the positions of the nakshatras — in some 
cases to a very considerable extent, and makes our estimations of the periods in 
which these works were composed very uncertain. 

(c) The characteristics of this period are : — 

(1) The five-year cycle. 

(2) The division of the sphere into 27 or 28 nakshatras. 

(3) Equal daily change in the length of the day. 

(4) Omission of any explicit reference to the planets. 

Greek Astronomy in India. 

67. Varaha Mihira and others, about A. D. 550, made popular new ideas 
borrowed from the west ; they remodelled the Hindu astronomical system on 
Greek lines. Varaha Mihira’s astrological works contain numerous Greek technical 
terms and show, unmistakably, Greek influence. His great astronomical work, 
the Panchasiddhdntikd consists of summaries of the Paitamaha, Vasishtha, 
Romaka, Paulisa^ and Saura Siddhantas. “ The Siddhanta made by PauliAa 
is accurate, near to it is the Siddhanta proclaimed by Romaka. more accurate 
is Savitra and the two remaining ones are far from the truth.” The summary 
of the Paitdmaha Siddhdnta exhibits the teaching of the Vedanga stage but 
adds the epoch of 2 Saka (=A. D. 80). The Vdsishtha Siddhdnta appears to 
represent the transition stage. It alters the longest day rule and introduces 
shadow calculations and the lagna or ‘ rising sign ’ notion ; while the other three 
introduce, unequivocally, the Greek teaching. The main characteristics of the 
Romaka Siddhanta are — 

(a) A cycle of 2850=19 X 150 years, perhaps based on the Metonic cycle. 

(b) A year of 5'' 55"' 12® which is exactly the tropical year of Hipparchus. 

(c) The epoch of 427 §aka (=A.D. 505). 

{d) Omission of mention of epicycles. 

In the Paulisa Siddhanta the following points are noteworthy : — 

(а) A year of 365'^ 6" 12'". 

(б) A special rule for finding the place of the moon. 

(c) Very rough rules for eclipses. 

(d) Differences in longitudes between Avanti (Ujjain) and Varanasi (Benares) 

and Yavana (Alexandria) are given. 

(e) A table of sines agreeing with Ptolemy’s table of chords. 

68. The Surya Siddhdnta is probably the best known astronomical work of 
the Hindus. The several sections of the accepted text" relate to : — 

1. The mean motions of the planets. 2. The true places of the planets. 

3. The gnomon. 4. Eclipses.® 

* Alberuni writes (i. 153) : “ Paulisa-siddhanta, so called from Paulisj, the Greek, from the city of 
Saratra, which I suppose to be Alexandria.” 

- Varaha Mihira's summary of this work differs in some details from the text now in use but not 
esscntiallv, e.g.. the length ot the sidereal year in the two works is : Old Surya Siddhanta 365'* 6’’ 12" .30'. 
Modem Surya Siddhanta SOS'" O’’ 12™ SO’oO*. The text now accepted possibly dates from about A.D. 1100 
while the earlier limit for the original Surj'a Siddhanta is about A-D. 400. 

=> '■ That subject which is the greatest mystery, which perjilexes the mincb of writers of astronomical 
works.” (P.S. i, 5.) 
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5. Planetary conjunctions. 8. Instruments. 

A at, prisms. 9. Time. Cosmogony. 

7. Heliacal risings and settings.^ 10. Astrology. 

69(a). The topics dealt with in most of the later Hindu works are funda- 
mentally the same as those of the Surya Siddhdnta and the following notes 
apply fairly generally to all these works. The earth is considered as a fixed 
unsupported sphere round which the other heavenly bodies revolve." Its dia- 
meter is given as 1,600 yojanas and the distance of the moon as 51,570 yojanas 
or roughly the same relative distance as Ptolemy gives (61 1 radii of the e.rrth). 
The distances of the other planets are calculated on the assumption that they 
move with equal velocities. The equation of the centre of a planet is calcu- 
lated by assuming epicycles, but an apparently indigenous notion is introduced 
by making the epicycle oval. Ptolemy’s theory of the equant is omitted and 
certain other improvements of Ptolemy relating to the moon and Mercury are 
also omitted. The precession of the equinoxes is explained as a sort of libration 
within limits of 27 degrees east and west of a fixed position, at a rate of 54 
seconds a year ; and the obliquity is generally reckoned at 24 degrees. 

The Greek names of the planets and of the signs of the zodiac were adapted 
and the seven day week introduced ; many Greek astrological terms and some 
Greek mathematical terms were adopted without change. Some of the old 
cosmological notions that did not interfere with the new ideas were retained. 
The Greek teaching was, indeed, accepted as a whole — but the evidence points 
to the curious fact that the Greek astronomy introduced is that of a period 
preceding Ptolemy, although Ptolemy lived in the second century of our era 
and the Hindu-Greek astronomical works did not appear earlier than A.D. 400. 

69(6). One of the most notable features of Hindu astronomy of this period is the 
employment of immen.se cycles. To express the planetary elements in integral numbers 
the astronomers assumed an artificial epoch of general conjunction and a period of re- 
curring conjunctions. The last general conjunction was supposed to be at 3102 B.C. 
and the cycle or yuga of recurring conjunction is supposed to consist of 4,320,000 
years.^ The planetary elements are expressed in terms of this cycle as follows ; 


Planet. 

Revolutions. 

Planet. 

Revolutions. 

Sun 

. 

• 

• 

• 

4,320.000 

Saturn ..... 

146,568 

Mercurj' . 

. 

• 

• 

• 

17,937,060 

Moon : Sidere.--! revolutions 

67,753,336 

V onus 

. 

• 

• 

• 

7,022..376 

., Synodic „ 

53,433,336 

Mars 

. 

• 

• 

• 

2,296,832 

„ Revolution of apsis 

488,203 

Jupiier 

. 

• 

• 

• 

364.220 

” „ node 

232,235‘ 


* For some hi.storic.al account of thia topic see Bouch^-Leclcroq L' Attrolojie grecque p lllf 

* Aryabhata attempted to revive the theory ol Heraclitus that it wag the earth’s own ' revolntion 
that produced the apparent motions of the heavenly bodies ; but he was condemned aa unorthodox and 
the view ha.'i never been accepted by Hindu astronomers generally. 

3 The number 4,320,000 - 20 x 60 ^ is suggestive of Babylonian mfluence. See alao J. Adam The Nuvtial 
Number of Plato. r •«» 

‘ .As Whitney points out all these numbers except the last two are divisible by four and this seem, 
to indicate that the last two were later additions. ^ seema 


(a) One of the most freonsnt of the iiinhu celcnl.ations is oon,‘':'nef .'iih 
finding; the ahar^ ana ^ or ’sijii of days’ th:t hive el.^^psed since the he-'innin 
of a 3^ng‘a. f'hns^at the coiuneneenc-nt of iahe veer 953 ( ..J. 1031, .''eh,''. 
3,244,133 years of the ch'.tiiryuy. h d elip. ed.an'' ihK-issisnistiEH to find 

the niHiiher of civil dj\js 'f e c'lcnlation is e follows: 

“t” 

12X3, 4,13"' -yives 1,196,5'ta interc 1 'ry i.ionths , h'ncc the In.nar 


a.ay.e 


slepss'l are 30(l2x3^?44,l. ■H,196,525)» l,'"G3,78o,' ?e. 


iin 


1, 203, 783 , 270 X ^ g-ives 18,835,679 omit.ed Inii er d ys,an' the nuj.iher 
of civil d ya that have elapsed is therefore l,2u3,78t),'‘ 70 — 18,835,679 
or 1,184,947,591. 


dn intercalar-- - 

part; i? omiti^cl occur;. 


11 


iL i; 


, Xir;u 


4 anal 



) 

Ct 
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There was, of course, no general conjunction at 3102 B.C., which period 
was arrived at by calculating backwards according to the rules. Bentlv assumed 
that at that particular time when the calculation was made the positions of the 
planets were known with some accuracy : he then calculated according to the 
Surya Siddhdnta rules the positions of the planets at several periods and found 
them most correct for A.D. 1091 and concluded that the elements were fixed 
and the work composed towards the end of the eleventh century.^ 


Hindu Astronomical Calculations. 

70. The important elements in the Surya Siddhanta are 


A 

Years in the yuga or age .... 

i 4,320,000 

A. 

B 

Sidereal days ...... 

1582,237,828 

B. 

C 

Natural or civil da 3 -s ..... 

1577,917.828 

C = B— A. 

U 

Solar months ...... 

51,840,000 

D = 12 X A. 

E 

Sidereal months ...... 

57,753,336 

E. 

F 

Synodic months ...... 

53,433,336 

T E— A. 

G 

Intercalary months {adhimdsa) . 

1,593,336 

G = F— D. 

H 

Lunar days [tithi) ...... 

1603,000,080 

H = 30 X F. 

I 

Omitted lunar days F'sfejya) . 

25,082,252 

I = H— C. 


with finding the ahargana or ‘ sum of days ' that have elapsed since the beginning 
of an age. Thus to find the ahargana for the beginning of the solar year 4294 
of the Kali Yuga the calculation is as follows : — 

; 1,593,336 


4293 X 12 = 51516, and 


or a: = 1583-3776 


51516 ~51, 840,000 
whence the lunar daj’-^ elapsed = 30 (51516+1583-3776) = 1592981-329. 

25,082,252 


, . omitted lunar days 

Agam — 


whence the omitted lunar davs are 24925-4879 


1592981-329 1003,000,080 

and the total number of civil days is 156S055-84l6.-j- 
(6) Another characteristic example of the calculations is concerned with the 
equation of the centre (Kendra). The mean position of a planet was calcul- 
ated from its number of revolutions in a yuga (p. 74). This was corrected 
by hypothecating certain epicyclic motions. The mean motion in a circle (defer- 
ent) gave wrong positions so the planet was supposed to move in a second 
circle (epicycle) whose centre lay on the circumference of the mean circle (de- 
ferent) and the corrected position was calculated on this theory. For all but 
the sun and moon (which required only one) two corrections were made. (1) 
the equation of the conjunction, (2) the equation of the ap.sis — by two separate 


' For further details see my Hindu Astronomy. Bentley’s general argumo..t is quite sound but ho 
must not be arcepted as reliable on .all points. 

t This round .bout way is necessitated, more or less, by tho form of the tables. The result may be obtained 
by multiplying 12 x 4293 by — which is approximately 30-43823 and 12 x42''3x 30-43*23= 1508055-85668. 

K 2 
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epicycles ; and by combining these two equations the ‘ True place ’ of the planet 
was determined. The cniculation, is complicated and entailed very considerable 
skill of sorts. Here are calculations for the planet \ enus for a particular position. 

CaLCELATIONS EQUATION OF THE CENTRE FOR VeNUS. 

Given mean longitude , b = 8 18 13 
Longitude of conjunction L = 10’ 21 
r.f A 2’ 19^ 52' 


50' 


Longitude of apsis, A 
Epicvcle of apsis. E, varies from IT to 12°. Difference, A= 1° 
Epicycle of cmijunction, E. varies from 260° to 202° Difference, A =2° 


call ulanon 
for co'iali.-ii of 
coiijUH tiiin. 


St'cond cAlcuIattoii for 
tquitiou of ap?ta. 


Third calculation for 
equation of apsis. 


I Fotufh caJciilaticn 

for equaiji,n of 
conjuiiLtion. 


Longitude , . . . 

a. Mean commutation = C — L 
a\ Equated anomaly =*-1 — L 

h. Bhujaitfa Sin nor a' 

c. Kotijyd — Cos n or a' 

d. Correction for epicycle 
Corrected epicycle = E- 

/. . . . 

StiO-- 

ce 

~ TbF" ■ 

h. Chata karna = -f- 

<• A ■ ■ ■ ■ 

j_ = sin~'-i , 

The true longitude is therefore 


S' IS" 12 
2 .■U37' 


+26" r 

-1 


= D'Ui: 


+ 22 ' 


t A 
r 

■d 


The radiu3(r) ia supposed 
termed minutes, ond the sines 


) 

5 1S"35' 

00' 

30.S0' . 

. 689' . 

691' 

1527' . 

• 3369' . 

3368' 

r47' . 

• 12' 

12' 

: 260'13' 

• n°48' . 

ir48' 

2226' . 

• 22-3' . 

22-6' 

1104' . 

• DO' . 

110-4' 

i)0oS^ . 

j 

• 3548' . 

3458' 

1 1515 

• 21-9' . 

22-5' 

+ 26”7' 

. + 0”22 . 

+ 0”23' 

•• 

8' 18" 36' . ~ 

-f 25° 59' 


= 9’ U28' 


5* 18” 2U 


I 8‘ 18"I3' + 23' 
= 8' I8"36' 
2- 3“37'— 23' 
= 2' 3“ U' 


! 

' 3069 ' 

; 1521' 

I 

I 

j 260°13' 

; 2218' 

I IDS' 

5067' 

1506'. 

+ 25”59' 


= 9 * 14 “ 35 ' 


be dh-idod into 3138 equal parts which are as a matter of convenience 
tc., ilhuja,,a, kol,>,ja. cMa knrna, etc), are expressed in terms oT tTb 


radius (see my Indian Malheiitatics, p. 11). 

The corrections for epicycles arc simple proportions; the difference for 90” is A , what is the I'ff 
for ^ degrees The dimensions of the ei.icyele arc expressed in degrees, etc., in such a way that (r’'^b+'^* 
the radius of the epicycle) 'I IT •• number of degrees : 360. ^ 

71. A great many interesting topics must be omitted in this brief sketch 
of Hindu astronomical theory. Aryabhata taught that the earth revolved upon 
its axis and a proper explanation of eclipses but was not approved The 
works of BrahamaguptA and Bhaskara have considerable interest in matter 
of detail but do not differ fundamentally from the Surya Siddhantu Indeed 
since the time of comp’^ition of this work there has been practically no alto 
afion of fundamental importance in the Hindu theory. 

At the present time there are three schools of astronomers ; fi) Thn 
Saurapaksha, (ii) the Arya-pak.sha, (lii) the Brahma-paksha and these onl 
differ' in matters of detail. For example a distinctive featue is the lengths of the 
year" employed. The.+’ are : - 

(i) year 36-+' S'* 12”' 36-.56\ (ii) .Inja-jxiksha rear 36.5'“ G*- m an 

(iii) year .36.3‘‘ rb 12™ 30-91."U. ' - - u. 

* Ill-ally the differeiiti.itii'U a geographiciil djie. The iliirya Si'hlhanta is the stA h t ' 
in tlv ercati-r p.art of Indi-i f'Ut the fir.A Arya-Hidflkanlri is the authority in the Tamil" ^ '‘■n authority 
einiiitriei of Soutliem Indi.i "t.i.'f Brahinagu))ta is followed in Gujarat R;ijput;lna -inrl lsrortv.'^w 

^ Theor, t.eallv at least, .r'' .war in a .idereal one. hut there rs sdmo vlgueness Sdlh 
of the methu.ls by vhich tin results ware attainod. See R. Sowell The. /ndiaa Calendar, 
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Hindu Star Lists. 

72. The determination of the position of the stars with exactitude does not 
seem to have interested the ancient Hindu astronomers.^ In early works the 
brief lists of stars with celestial co-ordinates given are generally in connexion 
with the path of the sun and moon through the nakshatras. In each nakshatra the 
position of a junction star or yogatdrd was determined. The PadcJia Siddhdntikd 
mentions seven of these while the Surya Siddhdut gives the position of 28, one 
for each nakshatra and also of seven other stars. The Siddhdnta Siromani and 
Brahma Siddhdnta mention only Canopus and Sirius. After these such lists as 
Mahendra Suri’s (given in Appendix A) sometimes cccur. 

2. The Pahcha Siddhdntikd record is as follows : — 

“ The yogatiira of KlittAa is at the end of the sixth degree and three and a half 
hastas to the north of the ecliptic ; that of Rohini is at the end of the eighth 
degree, and five and a half hastas to the south of the ecliptic.” (XIV, 34J 
” The two stars of jfunarvasu are at the eighth degree, and to the north and 
south of the ecliptic at an interval of eight hastas. The star of Pushya is at 
the fourth degree, three and a half hastas to the north.” (.35) 

“ Of Atlesha the touthern star is at the first degree one hasta (south) ; so also the 
northern star of Magha the conjunction takes place in its own field,- at the 
sixth degree. Of Ch.tra at seven and a half degrees, three hastas to the south. 

The Surya Siddhdnta gives the positions of the chief stars of the nakshatras 
in terms of polar latitude and longitude.* The Siirya Siddhdnta stars and their 
position are given in appendix A. 

Hindu Astronomical Instruments. 

73. The only instruments of practical utility for astronomical purposes des- 
cribed in ancient Hindu works are the sun-dial and clepsydra. An armillary 
sphere is also described as an instrument for purposes of demonstration. The 
only Hindu instrument of any antiquity actually found is the clepsydra, consisting 
of a metal bowl floating in a vessel of water.^ 

The following is a summary of those parts of the early Hindu texts that 
deal with astronomical instruments, (i) The Clepsydra or Water clock is referred 
to in the Jyotisha Yedahga where the amount of water that measures a nddikd 
(=24 minutes) is given. The more ancient form of water clock appears to have 
been simply a vessel with a small orifice at the bottom through which the 
water flowed in a nddikd^ but later on there came into use the form described 
in the Surya Siddhdnta (XIII, 23) : “ A copper vessel, with a hole in the bottom 

1 Alboruni writc.s (II, 83) : " The Hindus are very little informed regarding the fixed stars. I never 
came across any one of them who knew the single stars of the lunar statioms from eye.sight. and was able 
to point them out to me with his fingers.” 

* i.e., on the ecliptic. 

^ Since 24 angulas ^ 1 hasta and the diameter of the moon was reckoned as lo aiigula.’^. and its mean 
dmmeter as 32 minutes (SS, IV^. l)we have approximately I angiita = 2' 8" and 1 ha,?ta = 51' 12” roughly; 
but possibly \c.ngula was meant to measure 2 minutes. Also 27 nakskhatms occupy 360° and one Ihereforo 
occupies 13J degrees. 

See also [). 8. 

^ It IS the only instrument described in the Jtn-i-Akbari (Ed. .Jarrel III, 16). 

* J. F. Fleet The Ancien' Indian Water Clock J.R.A.S., 1915, pp. 213-230. 
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set in a vessel of pure water, sinks sixty times in a day and night and is an 
accurate hemispherical instrument.” The Panclia siddhdntika description^ (XIV, 
32) is similar but adds “ Or else a nadika may be measured by the time 
in which sixty slokas each consisting of sixty long syllables can be read 
out.” 

A later description of the clepsydra is as follows : “ A copper vessel, weigh- 
ing 10 falas, six ailgulas in height and twice as much in breadth at the mouth 
— this vessel of the capacity of 60 palas of water and hemispherical in form 
is called a ghati. The aforesaid copper vessel bored with a needle made of 3| 
mdshas- of gold and 4 angulas long gets filled in one nddikd.” 

In practice, no doubt, the dimensions of the bowl and the orifice were 
determined by experiment. Bhaskara (XI, 8) indeed says :” See how often it 
is filled and falls to the bottom of the pail of water in which it is placed. 
Divide 60 ghatis of day and night by the quotient and it will give the measure 
of the clepsydra.” 

(ii) The Gnomon. — The sun-dial described in the early treatises is of the 
simplest kind, consisting of a vertical rod or gnomon divided into 12 divisions. 
The descriptions are of a theoretical nature and do not apply so much to the 
construction of instruments as to theoretical calculations. The Panchasiddhdntikd 
(XIV, 14-16) instructions are : Mark from the centre three times the end of 
the gnomon’s shadow and then describe two fish figures. Thereupon describe 
a circle taking for radius a string that is fastened to the point in which the 
two strings issuing from the heads of the fish figures intersect and that is so 
long as to reach the three points marked. On the given day the shadow of 
the gnomon moves in that circle and the base of the gnomon is the south- 
north line ; and the interval in the north direction is the midday shadow. ” 
(III. 1 -7) This means mark on any particular day the extremity of the shadow 
at three different times — and these three points are supposed to lie on a circle the 
centre of which is found (in the usual way) by the so-called fish figures.* 

The Surija Siddhanta directions (III, 1-7) are more elaborate but relate to 
exactly the same type of dial. They are as follows : — 

“ (d On a stony surface, made water level, or upon hard plaster, made level, there 
draw an even circle of a radius equal to any required number of digits of the 
gnomon. (2) At its centre set up the gnomon of twelve digits of the measure 
fixed upon ; and where the extremity of its shadow touches the circle in the 
former and after parts of the day, (3) there fixing two points upon the circle, 
and calling them the forenoon and afternoon points, draw midway between 
them by means of a fish figure, a north and south line. (4) Midway between 
the north and south directions draw, by a fish figure, an east and west line : 
and in like manner also by the fish figures between the four cardinal directions, 
draw the intermediate directions. (5) Draw a circumscribing square by means 

* Lala Chhottc Lai's Jyotiskn Veddiiga, p. 12. 

* 1 About 56 grains troy. Fleet quotes another rule which gives the weight as a suvarria (=16 
mdshas) and 4 angulaa long drawn out roimd or square, Bhaskara simply says (XI, 8) it “ should have 
a hole bored in its bottorii. ” 

^ The ‘ fish figure ’ is the common part of two intersecting circles. 
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of the lines going out from the centre : by the digits of its base lines projected 
upon that is any given shadow reckoned. (6) The east and west line is called 
the prime vertical (^ama-mandula) : it is likewise denominated the east and 
v/est hour circle {unman d ala) and the equinoctial circle {vishiivan mandala). (7) 
Draw likewise an east and west line through the equinoctial shadow {vishnvad- 
bha) ; the interval between any given shadow and the line of the equinoctial 
shadow is denominated the measures of the amplitude^ (agru).’’ 

(iii) Armillary Sphere. — The Surya Siddhanta (xiii, 1-6 ) gives instructions 

the making of an elaborate armillary sphere : — 

{2) “Let the teacher, for the instruction of the pupil (3) prepare the wonder 

working fabric of the terrestrial and stellar sphere {bhubha gala). Having fa:h- 
ioned an earth-globe of wood, of the desired size, (t) fix a s'aff passing through 
the midst of it and protruding at either side for Meru ; and likewise a couple of 
sustaining bands and the equinoctial circle ; (5) these are to be made with 
graduated divisions {aiigula) of degrees of the circle {bhagana). Further by 
means of the several day-radii, as adapted to the scale established for those 
other circles, (6) and by means of the degrees of declination and latitude marked 
off upon the latter, at their own respective distances in declination, according 
to the declination of Aries, etc., three (7) bands are to be prepared and fastened : 
these answer also inversely for Cancer, etc. In the same manner, three for 
Libra, etc., answering also inversely for Capricorn, etc. : (8) and situated in the 
southern hemisphere are to be made and fastened to the two band-supporters. 
Those likewise of the asterisms situated in the southern and northern hemis- 
pheres, of Abhijit, (9) of the Seven Sages (Sapiarskayas) of Agastya, of Brhama, 
etc., are to be fixed. Just in the midst of all the equinoctial band is fixed. 
(10) Above the points of intersection of that and the supporting bands are 
the two solstices (ayana) and the two equinoxes (vishuvat). From the place 
of the equinox, with the exact number of degrees, as proportioned to the whole 
circle, (11) fix by oblique chords, the spaces {kshetra) of Aries and the rest ; 
and so likewise another band, running obliquely from solstice to solstice, (12) 
and called the circle of declination {kranti) : upon that the sun constantly revolves 
giving light : the moon and the other planets also by their own nodes, which 
are situated in the ecliptic {apa mandala) (13) being drawn away from it, are 
beheld at the limit of their removal in latitude {vikshepa) from the corresponding 
point of declination. The orient ecliptic point (lagna) is that of the orient 
horizon ; the occidmit point (astamgacJiliat) is similarly determined. (11) The 
meridian ecliptic point {madhyamu) is as calculated by the equivalents in right 
ascension (latikodayas), for mid heaven {hamadhya) above. The sine which is 
between the meridian and the horizon {kslidija) is styled the day measure (antyd), 
(15) and the sine of the sun’s ascensional distance {charadala) is to be recognised 
as the interval between the equator and the horizon. Having turned upward 
one’s own place, the circle of the horizon is midway of the sphere. (16) As 
covered with a casing (vaslra) and as left uncovered, it is the sphere surrounded 
by Lokaloka. By the application of water is made ascertainment of the revolu 
tion of time. (17) One may construct a sphere instrument combined with 
quicksilver ; this is a mystery, if plainly described it would be generally intel- 


> Distance of the sun at rising or setting from east or west point of the horizon 
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lifjible to the -world. (18) Therefore let the supreme sphere be constructed accord- 
ing to the instruction of the preceptor. In each successive age, this construc- 
tion, having b?come lost, (19) is by the sun’s favour again revealed to some 
one or other at his pleasure.” 

(iv) Other Instruments — “ So also.” the text continues, “ one should construct instrument.^ 
(ijnntnis) for the ascertainment of time. (20) ^Yhen quite alone one should app'v 
quicksilver to the wonder causing instrument. ^ By the gnomon (sanku), staff 
iyashti] arc (d/coius), circle (c/c/A-m), instriunents for taking the shadow of various 

kinds (21). By water instruments, the hemisphere {kipah). etc., by the 

peacock, man, monkey, and by stringed sand receptacles, one may determine time 
accmately (22). Quicksilver-holes, water, and cords, ropes and oil and water, 

mercury, and sand are used in these: these applications too are difficult 

(24). So also a dial (mrnyantra) is goed ind iytime and when the sun is clear. ” 
Such is the orthodox Hindu text relating to instruments. Nothing of material 
value appears to have been added to these instructions until the methods of the Yavanas 
were introduced by Mahendra Suri and others ; but Bhaskara (Siddhanta Siro- 
mani XI, 16) claims to have invented an instrument called Phalaka Yantra® 
which he says is an “ excellent instrument, calculated to remove alway’s the 
darkness of ignorance and is the delight of clever astronomers.” This instru- 
ment is simply a board divided by horizontals into 90 equal parts. At the 
centre of the 30th graduation from the top a pin or style is placed perpendicular 
to the board and round it a circle is drawn of radius=30 divisions, which is 
graduated in ghatis and degrees, and attached to the pin is an index arm 
(pattika). The instrument is suspended by a chain and is used for observational 
purpo.ses. It is in fact part of a very simple astrolabe. Bhaskara did not 
.seem very pleased with his instrument for he concludes’ (XI, 40) by sayino’ 
” But what does a man of genius want with instruments about which numerous 
■works have treated 1 Let him only take a staff in his hand, and look at any 
object along it, casting his eye from its end to the top. There is nothing of 
which he will not then tell its altitude, dimensions, etc.” This sums up very 
well indeed the attitude of Hindu astronomers. 

ilusLiM Astronomy. 

74. The Huslim astronomers frankly acknowledged their indebtedne.ss to 
Greek writers. Indeed they were to some extent the direct succe^so^s of the 
Greeks in intellectual matters and the historical problems of their astronomv 

are much less complicated than is the case with the Hindus. In the middle 

ages they were the foremo.st astronomers of the world. They accepted the 

fundamental features of the Ptolemaic sy-Ntem of the universe. They were aware 
of the precession of the equinoxes and di.scovered the slight movement of the 
a]mgee of the sun and also they perceived the variation in the obliquity of 

the ecliptic. They discu.ssed the possibility of the earth revolving on its own 
axis but generally rejected the theory. 

' Srr tho '^irnin'ini xi .VU-.U. The mr-trumeiit appears to be a perpetual motion machine 

V hich coii'ist-i of a wheel \vith hollow ( .t.uigi-iitial) .spoki^s which are tilled with me.rcurx'. ‘‘The wheel 
ll us- filled will, when phued on an axis suiiported by two posts, revolve of it-elf.” This is an old friend. 

^ Compare the ' Balance Khurarie ou Fezaire ’ descr bed bj’ Dclambre .-l.btro lomie t/ii Moytn Age, p. 5_I. 
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They fully realised the necessity for methodical observation and in prac- 
tical astronomy they excelled the Hindus and Europeans of their time.^ The 
first series of regular observations with the aid of fairly accurate instruments 
appears to have been made at Gondeshapur in the south-west of Persia in the 
first years of the ninth century of our era. During the Califiate of al-Ha'mun 
(A.D. 813 — 833) at the observatory at Baghdad all the fundamental elements 
of the Almagest were verified — the oblicpiity of the ecliptic, the precession of 
the equinoxes, the length of the solar year, etc. A measurement of an arc 

of the meridian in the region of Palmyra was also carried out during the same 
period, and similar observations continued to be made throughout the Muslim 
world until the middle of the fifteenth century. The observatory at Cairo was 

founded in the tenth century, and the observations there were recorded in the 

‘ Hakimid Tables ’ (al-zij al-HakimI). In Persia an observatory was founded in 
A.D. 1074 at Naisabur and there in A.D. 1118 al-Khazini complied his ' Sanjaric 
Tables ’ {al-zij al-Senjan). In 1259 a great observatory was founded at Maragha 
in North-West Persia and there NasTr al-Din-Tusi (mentioned by Jai Singh) 

published his famous ‘ Ilkhanic Tables.’ 

With Ulugh Beg, the grandson of Tamerlane, the study of scientific astro- 
nomy throughout the Islamic world ceased. He founded a large observatory at 
Samarqand to which he summoned such renowned astronomers as Jamshid 
al-Kashi (mentioned by Jai Singh), Kadi Zade, al-Rumi, ‘Ali al-Kusji, and 
others. He undertook a complete revision of the catalogue of the stars — based 
upon direct observation — and himself wrote a preface to the tables a few months 
before he perished by an assassin’s hand. Jai Singh professedly followed Ulugh 
Beg in his astronomical work. 

The names of many Muslim astronomers of the middle ages such as Ibn 
Sina or Avicenna, al-Biruni, Omar Kahijami and Averroes are familiar to everybody. 

75. The practical view taken by the Muslim astronomers led to attempts 
to improve the instruments in use and to the design of others. 

The Maragha instruments. 

A brief description of the instruments used by Nasr al-Din al-Tusi at the 
observatory at Maragha is available.” The theory of these instruments was 
probably known to Jai Singh (see p. 4.). 

The Maragha instruments were — 

(1) A quadrant or mural circle constructed of wood, the radius of which 
was about 11 feet. The arc was of copper, 3 inches wide, and 
was graduated. At the centre was a copper pin round which the 
alhidade (furnished with two sights) turned. The alhidade termi- 
nated in a point and was moved by a cord passing over a pulley 
attached to the wall. 

1 It is related that the works of Aryabhata and Brahmagupta were introduced into Baghdad in 
the ninth century of our era, and that these works possibly had some mflucnce in ciirectmg the scien- 
tific study of astronomy by the Arabs; but the ‘ sihrit ’ of the Arab astronomy is entirely different fr>ira 
that of the Hindu. 

* For an account of earlier instruments see al-Battani vpijs astronomicum Ln-Lvii. Ed. f'. A Nallino. 

H 
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(2) An armillarv sjiliere of five circles, viz., the ecliptic, colure, great 

circle of latitude, the meridian and the small circle of latitude. 
The ecliptic, meridian and small circle of latitude were graduated 

down to minutes and the last mentioned was furnished with an 

alhidade or sighter. A sighting tube appears to have been used 
on the alhidade (see figure 68). 

(3) A meridian circle of about 11 feet in diameter furnished with an 

alhidade. 

(4) An e(|uat'jrial circle fixed in the meridian. 

(.j) An instrument for mcasuiing the diameter of the sun or moon. This 
consisted of two sights fixed on a bar. The objective was pierced 
with a corntparatively large hole and was moveable along the bar 
over apj)r()priate graduations. Special discs (like camera stops) veie 
used witli the objective. 

(6) The instrument of two pillars. At the centre of a Irr svpjcittd 

by two pillars a pin was fixed, round which revolved an alhidade 
or sighter Id feet h-r.g. Vertically beneath this pin vr.s another 

to which was fastened a graduated bar 171 feet long and along this 
bar the end of the sighter was free to run. This appears to have 
been a modification Ptolemy s parallactic rulers.^ 

(7) A large azimuth circle fixed on a pillar travensed by two diameters 

directed to the four points of the compass. At the centre were fixed 
two vertical (piadrants furnished with alhiolades so that the alti- 
tuilcs and azimutlm of two .stars could be taken simultaneously. - 

(5) Sim,' ami Azimuth instrumnit— An azimuth circle .similar to the pre- 

ceding but in place of the vertical cpiadrants were two bars moving 

in a groove and .supported by two other bars perpendicular to 

them. 

(!)) Similar to Xo. 6 but with the bars horizontal for measuring aziinuth.s. 
The notion of increasing the size of the instrument as far as possible has 
already been referred to (page 3o). It is perhaps to Abu‘l Wefa that we owe 

.some ('f the immense imstruments which the Arab works mention. With a 
quadrant of over dO feet radius the obliquity of the ecliptic was observed in 
xV.Ib 09.5. Ihe sextant of Abu M. al-Khojendi (C. A.D. 9Dd) was of neaily .sixtv 
feet radius. In the tenth century the aperture dial was insed and Xasir-al-Din 

by utilising a liole in the dome (d' a large building, obtained excellent result.s! 

According to flreaves the quadra: t used by Uhagh Peg was 180 feet high.* 

The astrolabe.' the theory of which was due to Ptolemy, was iniproved 
l)y the Vu.slims alnio.st to perfection and many of these instrument.s were so 

' Th.‘ grcirltMtcd bar, of co'.'.-m.. tin- chords of the arc..i. p.r.d “ it \va,s much oashr 'o f;r,i,duatt: 

,i a .'lit li ic tli.r 1 ,111 a t fo'/./ '• » i' coutiiuicd to he th - favoordc instrunicnt flown to the cud of th' 
!-.x 'cu'h c.-iitury. ’ (Diiuyn ;. ;i. 3' 2 t This th ■ Z7' o' Shu' ii’itn’i?: meiifioned hv’ .Jai Sjutrli j,, , ;.:)j 

- X<o. 7 and S .irc inti r -tini: to u;; as hi'.no the same in printiji'c a; tlio Rnni I’nntrit (^ce pa 'o 'J.'i. 

^ The ^hii^hliiiii'a >i'intr'! j.. an a]icrturc di.d of thus kind. 

' Soft L. F. E. A. .Sfdiilut. Rroh Jnft. Asir. d Oniony i*uj, j p. Ixsx, xcviii, exsix, 

■'1 at the Hat a^tiolibc or A^irohihium ijhtnisphiet'/ittt. 
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beautifully made as to become valuable works of art as well as efficient calcu- 
lating macliines and useful instruments of observation. As a portable instru- 
ment of observation it was only superseded about A.D. 1731 by Hadley's cjuad- 
rant ; for purposes of astrological calculations the astrolabe is still in use in 
the East. The flat astrolabe has already been described in some detail, as also 
has al-Zarqall's modification of it and al-Birunl’s invention has also been referred 
to (p. 37). There is also the linear astrolabe or ' asa '7 Tfisi (the rod of 
al-Tusi),^ called yashti by the Hindus. Great ingenuity was exercised in devising 
improvements and variations of the astrolabe and there are numerous Arabic and 
Persian works describing the theory and construction of the instrument. The 
term al-Asturlabi as a name suffix was not at all uncommon.- 


European Astronomy. 

76. In Europe, after the death of Ptolemy in the second century of our 
era, very little advance was made for a thousand year.s. The Christian church 
often opposed scientific enlightenment and sometimes persecuted these who sought 
it ; and the patristic writings contain the grossest of astronomical absurdities. 

But about the thirteenth century sounder opinions began to prevail and 

in the early part of the sixteenth century Copernicus wrote his De Revolutionihus 
Orhium Ccelestium. Tycho Brahe, Kepler and Galilei preceded Jai Singh by about 
a century. Greenvuch observatory was founded some forty years before that at 
Delhi. Newton’s Principia was written at the time of Jai Singh’s birth ; Huygens 
died a few years later ; Flamsteed’s catalogue of stars was first printed in 1688 ; 
Halley in 1705 predicted the return of the comet named after him ; the aber- 
ration of light was discovered in 1727. Jai Singh succeeded to the Amber 

territory in 1699 and the Delhi ob.servatory was built about 1724. 

77. The European instruments at the beginning of the seventeenth century 

were in principle much the same as those used by the Greeks and Arabs. Tycho 
Brahe'^ (1546-1601) had several sextant.s and Cjuadrants. a parallacticum (.see 

p. 82), and armillary circles ; Hevelius (161 1-1687) had a somewhat smaller battery 
of similar instruments ; and Flamsteed (1646 1720) used a quadrant of 3 feet, 
and a sextant of 6 feet radius. 

The telescope was used for the general observation of heavenlv bodie.s in 
1609 by Galilei and tele.scopic sights were first .sy.steniatically used about A.D. 
1667. Gascoigne was probably the first {circa A.D. 1640) to introduce the.-e 

and he also invented a micrometer. Some twenty years later Huvgens devised, 
independently, the same contrivance. Heveh-U-! introduced the vernier and tansent 
screw ; Flamsteed used cro.ss wires in the eye pieces of his sisihters ; Galilei 
had used a pendulum for short time measurements ; Huvgens de^ i'-ed a pendu- 
lum clock (1656) and Jean Picard (1629-1682) introduced regular time ol»,-.er- 

' .See Journal usiatiqur 9" Ser 404/. etc. 

* E.g., 'All b. ‘hu al-AsturUbi (9th century). F.rth b. Najiye a'-A?turlri))i (burn A.D, '.‘t] ir), 

HibeliiSl.Ui b. al-IIngein al-Asturl.Ibi (died .4.D. 1139-40). 

^ Sou Deeyek’b I’f/cliu Brahe xii. ri& fl. 

ff 2 
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vations at the new observatory at Paris.- J. D. Cassini (1625-1712), it is stated, 
devised schemes (never realised) for the construction of gigantic instruments.^ 

78. The Hindus, Arabs and Europeans all derived the fundamentals of 
their astronomical science from the Greeks. It was the Hindus who first pro- 
fited by Greek experience, then the Arabs and lastly the Europeans. The 
last indeed obtained their knowledge of Greek astronomy primarily through the Arabs. 

The following chronological scheme exhibits fairly well the relationship 
between the three schools : — 


Ghefk 
Astronomy , 



Ptolemt 
2iiJ Cent. A D. 


j 

1 

Hiyuir 
5tb Cent. 


Arab 

I 9th Cent. 



ErnorrAN 
14th Ci-i t. 


ilahcnd:a, etc. 


J.M Singh 
16S6— 1743. 


* An excellent, although all too brief, account of European instruments is given in the fJistori/ of 
^stiovcm’i by G. Forbes, while Drcyer’s Tycho Brahe is the only adequate account of mediseval astronomy 
(ana instruments) in the English language, 

‘ A. Berry — A Short History of Astronomy ^ p. ICO. 
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AVhen we examine carefully the methods of the several schools we find 
somewhat marked differences. Even among the Greek astronomers {e.g., Ptolemy 
himself) there was a distinct tendency to work on the observations recorded 
by their predecessors and in the later Greek schools there was a consequent 
neglect of observational astronomy. With the Hindus this tendency was em- 
phasised to a remarkable extent and practical work was neglected almost com- 
pletely. The instruments they describe are either for purposes of what may 
be termed theoretical calculations or for purposes of demcnstraticn (see page 
78 ). They built no observatories and they made no systematic records of 
observations. 

The Arabs and other Muslim astronomers took an entirely different line. 

They recognised the value of practical observation ; but they hardly suspected 

the need for a re-examination of the Greek theories. They built observatories 
and devised improvements in the instruments and set about verifying and cor- 
recting Ptolemy’s elements. 

The European astronomers were perhaps not quite so bound by tradition 
as were the Hindus and the Arabs. The death of the Ptolematic theory and 

the invention of the telescope gave a great impetus to research and the Euro- 

pean astronomers largely discarded the methods of their predecessors. They 
recognised the inevitability of observational error and devised means to counter- 
act it ; they were forced to consider as of great importance facihty of obser- 
vation and gradually they devised instruments of types imimaginable to their 
Arabic teachers. 



Chapter XIII.-THE EVOLUTION OF JAI SINGH’S INSTRLAIENTS. 


79. The history of the evolution of Jai Singh’s astronomical instruments 

would, if it could be recorded step by step, be of great interest ; but detailed 
descriptions of the larger Arabic instruments are not generally available and 
we must for the present be content with general indications of the lines of 

development. Generally speaking Jai Singh’s instruments are copies of or direct 
developments from those used by Ulugh Beg and his predecessors and suc- 
cessors. The flat astrolabe played an important part. Jai Singh’s first attempt 
at improvement was apparently the construction of huge astrolabes such as 

those shown in figures 28 and 29 and the construction of large graduated circles. 
He had some excellent Arabic and Persian models (figures 5 — 20) but the metal 
instruments he had constructed do not appear to be of that fine workmanship 
that adds so much to the value of many of the media?val astrolabes. As far as 
can be gathered Jai Singh did not use the ordinary sextant and quadrant instruments 
such as were used by Nasir al-DTn Tusi, Tycho Brahe, Flamsteed and others. 

It has been reloted how he discarded brass instruments and pinned his 

faith on large immoveable masonry instruments ; and some of these he claims 
to have devised himself. As already has been pointed out (pages 12, 13) the 

basic idea was not peculiar to Jai Singh. The Arab, Persian and Tartar astro- 
nomers had constructed huge instruments ; and they had formulated the notion 
that the only bar to accuracy of observation was the limit imposed by cir- 

cumstances on the size of the instruments. Jai Singh was prepared to crrry 
out the idea on which this proposition is based to, what he thought, a 

reasonable extent. 

80. The bases of the designs of the particular instruments are always obvi- 

ous but Jai Singh showed very considerable ingenuity in the actual construc- 
tions. The Jai Prakas is practically the hemisphere of Berosus somewhat ela- 
borated and the Samrat Ahmtra may also be considered as evolved from that 
instrument. This only means, however, that the dial of Berosus was of a 

very general nature. It consisted of a hemispherical bowl placed with its rim 
horizontal and in the centre and the same plane as the horizontal edge was 
fixed a bead whose shadow on the concave surface of the hemi.sphere marked 
the trace of the sun s diurnal path. The resemblance to the Jai Prakas is 
strik-ing enough but it is doubtful whether Jai Singh had any knowledge of 
the earlier instrument : he could only have learnt of it from the Muslim as- 
tronomers {e.g., al-Battani who refers to the principle of the instrument). The 
Jai Prakas, however, is something more than the bowl of Bero.sus for it is 

fully graduated and appears to have leen based upon the Muslim instrument 
known as al-Mumtarah, descriptions of which are found in the works of the 
Muslim astrononiers. ^ 

* .^00 L A. Sed'llot’s sur ha inslrumuits asironomiquts dea Arabes, p. 151f.; also a description by 

al-Barjcn.ii ; abo Blagrave's A, I of DyAUr.g, 160a. One section of Blagravo’s book is-“How to make a 
d all 0.1 a concave hemispheare of a globe two severall waies,’’ and the second way ia that of the Jai Prakai 
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The Samrat Yantra might he considered as a section in the plane of the 
equator of the hemisphere of Berosus and with the bead extended into a line 
parallel to the axis ; but so could any dial be referred to the same origin. 
In the British Museum are many dials of the seventeenth and early 
eighteenth centuries constructed exactly on (he same principle as the Samrat.' 
The Samrat instrument is an equal hour instrument or ec|uinoctial as such 
instruments are often called. The evolution of the ecpial hour instrument is of 
considerable interest. In early instruments the time from sunrise to sunset is 
divided into 12 equal portions. These portions of time vary in length from 
one-twelfth of the longest day to one-twelfth of the shortest day. They were 
therefore called unequal hours, also temporal hours and planetary hours (see 
page 22). Of these varying hours naturally the equinoctial hours were the 
mean and on the introduction of mechanical clocks the equinoctial hour became 
the standard for sun-time measurements. According to Delambre, Abdul Hhasan 
(al-Hasan b. ‘Ali b. "Omar al-Marrakoshi, Abu ‘All) was the fir.st to introduce the con- 
stant hour notion among the Muslims ; but he seems to have employed, in 
the usual manner, the horizontal plane for the shadow traces, while Jai Singh’s 
nstrument receives the shadow of the inclined gnomon on a circular arc lying 
n the plane of the equator and thereby secures in the simplest manner equal 
hours throughout the year. The direct origin of the tangential scales on the 
gnomon for measuring the declination of the sun is not known ; although Ibn 
A'unus and other Muslim writers of astronomy had worked out the theory. 
Hindu astronomers did not employ tangent scales and refer to no other dial 
than the vertical gnomon and to no other dial measurements than the length 
of the shadow. They made no direct angular measurements and an angular 
dial would have been almost contrary to the spirit of their teaching.® The 
only other instruments that can be attributed to Jai Singh’s genius are the 
Digarhsa Yantra and Earn Y’antra but these are simply enlargements in masonry- 
work of the azimuth and combined azimuth and altitude instruments of the 
Muslims. 

An indicator of the course of evolution of Jai Singh's instruments is still 
to be seen at Benares on the instrument known as the Chakra AMntra. The 
wedge {faras or ‘ horse ’) which fastens the parts of this instrument together 
is of the traditional Arabic design. 


* e.g.. a poc et dial made by Elias Allen about A.D. 1620 ; a more elaborate dial invented by John Paul 
Kraus and engraved by T. G. Gutwe'n ; one by Rugendas of Augsburg, 17. h century; one by Lauienz Grassl 
of Augsbirg ; etc., etc. 

^ Indeed they worked out the complete theory' of the horizontal, vertical, inclined, cyhndrical and 
conical dials, etc. 

’ This is a curious point in the history of science. The Hindus seemed to avoid direct angular 
msasurenients. Their mathematical works contain no theorems or rules relating to angles (see my Indi'Di 
Malh^matics, page 20). Whitney wrote (page 259) : Lest it seem strange that the Hindus should have 
derived from abroad the name {loria from ywvia ) for so familiar and elementary a quantity as an .angle, 
wo Tiould direct attention to the striking fact that in that stage of their mathematical science, at least 
which IS represented by the Surya NieWAdnta, they appear to have made no use whatever in their calculate us 
of the angle.” 



Chapter XIV. — CONCLUSION. 


81. A considerable amount of evidence showing the relationship between 
Jai Singh’s astronomical work and that of his predecessors and contemporaries 
has been recorded. Let us recapitulate. 

The names of the early astronomers and mathematicians referred to in 

works attributed to Jai Singh are 


Euclid ....... 

. Circa. 

B.C. 290 

Hipparchus ...... 

• )> 

„ 130 

Ptolemy 

• 

A.D. 150 

Atdarrahman b. ‘Omai abu’l-Husaiu al-Sufi . 

. Died. 

„ 986 

EasTr al-Din al-TusI ..... 

. Born. 

„ 1201 

‘Ali b. Muhammad al-Said al-SbarIf 


„ 1339— 

Jamsbid b Mes ‘ud J.jat al-Diu al-Kasbl 

. Circa. 

„ 1440 

Ulugh Reg 

. Died. 

„ 1449 

Maulana Cband ...... 

. Circa. 

„ 1550 


Of those who came actually into personal contact with Jai Singh the follow 
ing have been mentioned : Jagganath, Muhammad Sharif, Muhammad Mahdi, 
Padre Manuel Figueredo, Father Andre Strobel and his companion, Father Claude 
Boudier and Don Pedro de Sylva. 

We know that Jai Singh possessed at least some of works of Ptolemy, 
Ulugh Beg, P. de la Hire, J. Flamsteed, and also certain European astrono- 
mical tables and mathematical text-books. He had Ptolemy’s Almagest 
translated into Sanskrit, and a text on the astrolabe compiled, and he 
brought up to date Ulugh Beg’s celebrated catalogue of stars. The instruments 
themselves are evolved from the types used by the Muslims and Jai Singh’s 
inspiration was avowedly of Muslim origin. 

82. The actual points of contact between Jai Singh’s astronomical work 
and that of his predecessors and contemporaries have been generally indicated. 
Jai Singh himself was a Hindu and had Hindu assistants, the most notable being 
Jagganath, who, however, it seems was employed because of his knowledge of 
Arabic — a somewhat unusual qualification among the Pandits of the day.^ 
He refers to one Hindu astronomer by name (see page 11) who was, however, 
renowned because of his knowledge of Greek methods. Jai Singh was, no doubt, 
well acquainted with the works of the Hindu astronomers but he does not seem 
to have made much direct use of them. 

Jai Singh had certain Muhammadan assistants (see page 5), he was ac- 
quainted with the chief astronomical works of the Muslims, he brought one of 
their star catalogues up to date, and he copied the instruments of the observatory 

^ There is a tale that Jai Singh was reproached with the statement that the Pandits, who pretended 
to great learning, were entirely ignorant of Arabic scholarship and he produced Jagganath, who trans- 
lated from the Arabic tlie two groat works — Euclid’s Elements and Ptolemy’s Almagest. See Sudhakara 
Jbvivedi s Ganakataragini p. i02 f. 
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at] Samarkand. His masonry instruments were designe<l after the noiioi-s taught 
by the Muslim astronomers (page 13) and had absolutely nothing i:i common 
with those described in Hindu works. 

The contact with European astronomical knov, ledge mav not have been 
really close but it was very definite. Jai Singh .sent certain ‘>f his asdstaiits tc 
Europe to get books and information: he invited European priests to visit 
him, and he obtained European table.n There is evidence, however, that his 
contact with European knowledge was more formal tlian intimate. 

83. AVe may leave out for the nn)ment the Cjue.'tio'n of Eurepean influence, 
as Jai Singh was really only on the border line of th.at influence, and consider 
the Hindu and Arabic schools. The characteri.stic diiTerence between these is 
connected with practical work. The Hindus were practical astrcuK.iners ridv 
in so far as they could calculate from a given starting point with given rules 
the positions of the planets, eclipses, etc., with some accuracy. This of course 
implies a very considerable amount of knowledge and .skill : but the Hindus 
had no instruments of precision of their own before Jai Singh's time ; neither 
were they interested in making practical ob.servations of the heavenly bodies. 
Their rules and the elements given in their approved works sufficed them. 
The standpoint of the Arabs was entirely different : ^ they were particularly 
interested in the verification and correction of previously recorded results. Thev 
built what were then the finest ob.servatories in the world and they perfected 
the astrolabe to an extraordinary degree. 

The difference between the two schools is too well known to need elabo- 
ration ; and the category into which Jai Singh's work places itself is perfectlv 
clearly indicated ; and the hypothesis that he received bis main astronomical 
inspiration from Hindu tradition is completely eliminated. He followed " the 
martyr prince, Mirza Ulugh Beg " of Sanianjand. Since both the Hindus and 
Arabs obtained their astronomy from the Greeks they have much in common 
but the work of Jai Singh was exactly of that nature which differeiitiate.s 
between the two schools ; and what the Minslim astroin incrs had and what 
Hindus lacked attracted Jai Singh. In his work tliere is no point of contact 
with Hindu astronomy that did not also touch the work of the Jluslims while 
on the other hand there are many points of contact between his woi'k and Muslim 
astronomy that are remote from the teaching of the Hindu schools. 

Jai Singh’s apparent indifference to Eurojiean achievements is rather re- 
markable ; but it must be borne in mind that he very probablv onlv became 
acquainted with their results after he had conceived and partially carried out 
his scheme of astronomical research. His taUes, it is sjipposed, were completed 
about A.D. 1728, and the observatory at Delhi Lad leeji built a few vears 
previously. It was in 1728 or 1729 that Jai Singh sent Padre Jlanuel and 
others to Europe and in 1734 he was visited by Father Boudier and his com- 
panion. These dates might be considered sufficient to account for Jai Singh's 
neglect of the European discoveries but there is pos.sildv another explanation 

* The cliff eientiation between the two ^ehoon nuiy be t; sonic extent Cue to the euIeaUirs a(!o)itefl 
for religious purposes. 


.M 
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Galilei died a prisoner of tlie Inqui.sition in 1642, and his books were not 
removed from the Index until A.D. 1835 : Jai Singh’s European advisers appear 
to have been chiefly priests, who, if they were good Catholics^ would, at that time, 
have hardly upheld the teaching of Copernicus, Kepler and Galilei ! More 
recent European discoveries might thus have been discredited in Jai Singh’s 
eves, and he would, at any rate, have found it difficult to reconcile the persecution 
bv authority on the one side with the claim to brilliant scientific discoveries on 
the other. 

84, Jai Singh began his work at a time when European astronomers had 
arrived at what may lie termed the modern conception of the universe. The 
discoveries of Copernicus, Kepler, Galilei and Kewton had been accepted and 
scientists were settling down to work out in detail the results of their dis- 
coveries. Flamsteed’s great catalogue was completed just as Jai Singh began 
his work. But Jai Singh was not in close contact with European ideas and 
his first astronomical education was probably the study of the work of the 
jMuslim astronomers, particularly Ulugh Beg. In the .special circumstances of 
his experieuce it is not surprising that Jai Singh refused to follow the lines 
of research indicated by the European astronomers. Had he done so, his power 
and his wealth might have enabled him to alter the whole condition of Indian 
scientific scholarship and, instead of his labours ending with his death when 
‘‘ science expired on his funeral pyre,’’ there might have been established a 
living school of research. The troubled condition of the country, and the general 
state of civilization in it, wore antagonistic to the progress of science and Jai 
Singh's work is now only a tradition and his observatories are archseological 
remains. 

That Jai Singh made no new astronomical discoveries is hardly a fair criterion 
of the value of hi.s work ; for, indeed, a great deal of the most valuable as- 
tronomical work is not concerned with new discoveries. His avowed object 

wa.s the rectificati(jn of the calendar, the prediction of eclipses and so on 

work which entails a great deal of labour and generally shows no remarkable 
achievement. Considering the state of the country in which Jai Singh lived, the 
political anarchy of his time, the ignorance of his contemporaries and the difficulties 
in the way of transmission of knowledge, his scheme of astronomical work was 
a notable one and his observatories still form noble monuments of a remarkable 
personality. 

> ('oii'Icinn tion nf llie (’nrrcct tc chinp w.-.s not coiiliiu-d to the Roman Catholic Church See de MorUax’s 
A Bn hj - 1 nt l'<i>iidoi> f. ill \Ui h numi ioii. HorV.s opiioMiig the * Newton an theory ' ure quoted. 
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A 1. EXTRACTS from the Jaipur catalogue. 


'i Right ascension in | ^ 

} ! — - I 

Description as in the MS Longitude. Latitude, j ^ jfude t>eg l es ^ 

° ■ ! and I ‘ 3) 

I *4. w 

( minutes. ‘ ^ 


Constellation of the little i • 1 

Bear 7 St.\es. 1 i | 

3o< o / ,0 »' g.p 

Star on the edge of thi Bear’s tail 2 24 23 ■ 66 27 N j 11 17 0 87 ON 348 0 | 58 0 3 

' I ' 

Second star on the tail, nest to 2 26 33 ! 70 0 I 9 21 10 85 10 293 0 48 5(i 4 

it. : I I j 

73 45 ; 8 26 10 82 0 i 285 0 44 10 4 

I I 


Third star on the tail, next to 3 5 3 1 73 45 8 26 10 82 0 i 285 0 44 10 4 

it. I ! 

I ; 

Star on the left hind foot : 2 i 3 21 21 i 75 36 8 9 0 78 30 j 247 0 41 10 4 

stars on the fore-leg, one to ^ | 

the right of the other. ' j 

Star on the right hind foot, one 3 28 23 78 0 8 11 15 76 0 | 249 30 41 35 5 

to the north. ; 1 


Star on the left fore-leg, to the 4 9 33 73 0 

South. 

Star on the right paw to the 4 18 3 j 75 9 

north. 


7 17 0 75 0 j 224 30 37 25 2 

i 

7 25 0 73 45 i 232 30 38 45 3 


1 I 

Straight to the south from the 4 5 3 | 71 45 7 14 15 76 30 N i 221 40 36 57 4 

seventh star. i I l 


II. Constellation of the j 

GREAT Be.ar. I 

On the tip of the nose of the ' 3 19 3 40 15N 3 28 30 62 ON 12(1) 0 

Bear. I 


First star in the eye of the bear 3 19 57 43 48 

Second star in the eye of the 


3 28 30 62 ON. 12(1) 0 20 10 4 

4 1 50 65 10 124 30 20 45 5 


3 20 42 43 45 4 3 0 65 5 126 0 } 21 0 


Two stars on the forehead : the 3 20 33 47 54 

first of them. 


4 7 0 69 0 , 130 0 21 40 | 5 


I I I I 

Second star on the forehead . 3 21 51 ! 47 51 4 8 40 68 50 131 40 1 21 57 

1 

Star on the ear . . . 3 22 33] 51 18 4 14 50 72 0 ' 137 0 22 50 


of them. 

Second star on the neck . 

Two stars on the chest, th( 
to the south. 

On the cl'.est, to the north 


fore leg : the one to the 
south. I 


3 23 51 i 

1 

44 42 

4 8 30 

65 0 

! 

3 26 .57 ; 

1 

44 54 

4 13 0 

64 30 

1 

4 5 27 1 

j 

38 0 

4 19 30 

55 30 

4 2 39 i 

42 39 

4 20 20 

60 30 

4 3 30 i 

34 45 

4 15 15 

52 45 


22 40 4 


138 0 23 0 
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A 1. EXTRACTS FROM THE JAIPUR CATALOGUE — Concluded. 


No. 


Description as in the MS 


Longitude. ! Latitude. 


I Polar i 
\ longitude. . 


Declination 


I 


Right ascension in 

© 

Degrees 

and 

Ghatis and 

Sa 

minutes. 

palas. ' 

cS 

s 




s 

0 / 

C 

12. 

Two stars on the paw of the 
hind leg ; the one to the 
north. 

3 

29 3 

29 

1 


*^*^^^-** 




1. 

Largo brilliant star between 
the feet. 

6 

20 39 

: 31 


' VI. Constellation of the 
Crown. 



1 

1. 

Very brilliant 

- 

i 

8 38 

40 

2. 

Further than this 

7 

5 48 

46 


Above the seeonil to the north . 

7 

o 18 

48 

4. 

The third, to the north of this . 

7 

7 48 

oO 

0. 

Near to the great star to the 
south. 

7 

10 26 

44 

6. 

Near this, a little to the north . 

7 

12 54 

44 

7. 

Near to the sixth, to the north . 

7 

15 3 

46 

8. 

Near to number 7 . 

7 

14 39 

49 


VII. Hercules. 




1. 

On the forehead 

8 

12 3 

37 

2. 

On the right shoulder 

7 

27 58 

42 

3. 

On the right arm 

7 

24 54 

39 

4. 

On the right side 

7 

21 57 

37 

5. 

On the left shoulder 

8 

10 27 

47 

6. 

On the left arm 

8 

16 45 

49 

7. 

On the left side 

8 

22 21 

51 

8. 

In the left palm : three of these 
to the east. 

8 

28 54 

52 

0. 

Of the remaining two, the one 
to the north. 

8 

26 33 

.53 

10. 

Of these, the one to the south. 

8 

25 3 

52 


/ 

a 

O 

/ 

o 


0 

/ 

g. 

p. 


21 X 

4 

26 

30 : 

44 

5 X 

149 

30 

24 

5 

3 

18 X 

7 

3 

0 

21 

ON- 

210 

0 

35 

0 

1 

SOX 

7 

24 

0 

28 

OX 

231 

0 , 

38 

30 

2 

24 

7 

22 

0 

30 

15 

229 

5 

1 

38 

11 

4 

21 

7 

22 

40 

32 

5 

229 

50 

38 

18 

4 

45 

7 

26 

0 

33 

15 

233 

15 

38 

53 

6 

27 

7 

25 

0 

27 

0 

232 

( 

15 

i 

38 

43 

4 

42 

7 

26 

30 

27 

0 

233 

i 

50 

38 

58 

4 

0 

7 

28 

30 

28 

0 

236 

0 

39 

20 

4 

.30 X 

8 

0 

0 

31 

ON 

237 

30 

39 

35 

4 

9X 

8 

16 

1 

30 

14 

30 N 

254 

1 

30 

42 

25 

3 

54 

8 

6 

0 

22 

0 

244 

30 

1 

40 

45 

3 

27 

8 

3 

10 

19 

0 

241 

1 

0 

40 

10 

3 

0 

8 

0 

25 

17 

30 

238 

0 

39 

40 

4 

45 

8 

16 

0 1 

25 

0 

254 

50 

42 

28 

3 

15 

8 

20 

0 

1 

21* 

5 

259 

0 1 

43 

10 

5 

48 

8 

25 


28 

0 

264 

0 

44 

3 

4 

21 

8 

23 

50 . 

1 

1 

28 

30 

268 

30 i 

1 

1 

44 

45 

4 

39 

8 

27 

50 

30 

0 

267 

30 ' 

44 

35 

4 

39 X 

8 

26 

45 

28 

50 

266 

i 

15 ' 

44 

23 

3 


*? 27 
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The above extracts (Al) show the form of the Jaipur catalogue but omit two columns 
headed respectively Pdrsi Nam and Himiu Nam, as these two columns are mostly 
blank [see figures 1 and 4]. The essential parts of the catalogue, which are given below 
(Appendix Al’l), are the longitudes, latitudes and magnitudes, the other columns 
consisting only of derived elements. The verbal descriptions of the stars are simply 
translations from Ulugh Beg’s Catalogue and the names of the constellations and stars, 
when given, are mostly transliterations or translations of western names, e.g. Sarpa 
(Draco), Kaika-us (Cepheus), Silayak (Lyra, Ar. Shili'ak), Varsava (Perseus), 
Dalphaina (Delphinus), Trikona (Triangulum), Javvara (Orion, Ar. Jauza), Kaitus 
(Cetus), Nauka (Navis), Muchchhl Yanuvl (Piscis Australis), Asva mukha (Fam 
al-Faras), Makara Puchchha (Danab al-Jadi), Ikllla (Corona Borealis, Ar. al-iklil), Jat 
ul-Kurasi (Cassiopeia, Ar. Zat al-Kursi), Arnava (Lepus), etc., etc. For the unclassed 
stars {informatce) the expression Khdriju (Ar. Kharij) surati (Ar. Surat) is used. 
The term guchchha (‘ a cluster ’) is employed to denote a nebula. 

In the following table (A 1‘1) an asterisk * indicates that there is a discrepancy 
between Jai Singh’s values and those in Baily’s version of Ulugh Beg's Catalogue 
{Memoirs of the Royal Astronomical Society, 1843). In the case of the longitudes any 
difference noted is between Jai Singh’s figures and Baily’s with 4° 8' added, this being 
the amount of precession that had accumulated between the periods of the two catalogues 
(see page 8). 

A table (A 1‘2) of differences is added. These are mostly small and do not amount 
to two per cent, of the whole, and many are obviously copying mistakes.* There are 
indications that the MS. was copied from another Devanagari MS., which, in its turn, 
was copied from one in Persian script. There are numerous examples of what appear 
to be the result of confusion between the ahjad symbols (see page 133) for 3 and 8, 4 and 
7, tens and thirties, tens and fifties, which confusion is caused by the omission of the dot.s 
in the MSS. There are also apparent examples of confusion between the Devanagari 
symbols for one and two. Numbers 360 and 361 appear to have been interchanged \ 
in 683 Jai Singh’s latitude is right, for Baily’s value is an emendation. Number 1008 in 
Baily is omitted (see Baily’s note) and the numbers 1009-1019 in Baily correspond to 
Jai Singh’s numbers 1008-1018. 


1 Thi MS. i5 a good one : that is it is legible and was evidently done with c;ue. It is written on country 
p.’.per 8-3 x 12 inches in Devanagari characters. The copy was made in Samv.'.t 1964. 
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A. ri. The Jaipur Catalogue — Longitudes, Latitudes and Magnitudes. 
(This is Lliigli Beg's Catalogue with 4° 8' added to the longitudes.) 


Xo Iso ' Lonsxitude. Latitude. -Mau. 



Ursa Minor 

( LagJi u 

Bain) 


1 

1 

a 

s 

2 

24 

23* 

O 

66 

27 N. 

3 

2 

0 

8 

2 

26 

33 

70 

0 

4 

3 

3 

e 

3 

0 

3 

73 

45 

4 

4 

4 

t 

3 

21 

21 

75 

36 

4 

5 

o 

V 

3 

28 

23 

78 
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24 

3 ! 

1 

26 

30 

6 

292 

9 

c 

1 9 

16 

39 i 

t 

36 

15 N. 

3 
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No. , No. 1 Ba\cr | Lonjritude. 


Informat ce 


Latitude. ‘Mag. 






s 

O 

, 1 

O 

. 


293 

1 


9 

27 

9 1 

21 

12 N. 

3 

294 

2 

e 

10 

1 

39 j 

18 

27 

3 

29o 

3 

8 

9 

20 

24 i 

24 

27 

3 

296 

4 


9 

21 

57 ' 

19 

51 

4 

297 

5 

K 

9 

23 

9 ; 

13 

39 

5 

298 

6 ’ 

X 

9 

14 

27 i 

1 

16 

30 N. 

3 


Delphinus (Dalphaina) 



299 

1 1 

€ 

10 

10 

30 

29 

12 N. 

4 

300 

2 ' 

L 

10 

12 

15 

28 

45 

6 

301 

3 

1 

K 

10 

11 

57 

27 

36 

6 

302 

4 i 


10 

12 

24 

31 

45 

3 

303 

5 

a 

10 

13 

57 

32 

51 

3 

304 

6 

8 

10 

15 

3 

31 

51 

3 

305 

7 1 

r 

10 

16 

0 

32 

54* 

3 

306 

8 

V 

10 

11 

18 

32 

12* 

6 

307 

9 ' 

C 

10 

11 

27 

31 

21* 

6 

308 

10 , 

1 

e 

10 

12 

39 

30 

30 N. 

6 



Equuleus (Asva mukha) 



309 

1 

a 

i 

jio 

19 

30 

20 

0 N. 

4 

310 

2 

yS 

10 

21 

6 

20 

45 

6 

311 

3 

y 

10 

19 

54 

25 

0 

5 

312 

4 

8 

10 

20 

48 

24 

36 N. 

5 


Pegasus {VHhad asva khatkda) 



No. 

■ No. 

i 

Ba>er. 


Long 

tude. 

1 Latitude. 

Mag. 

319 

1 

' 7 


s 

11 

o 

22 

15 

' 0 

! 34 

45 N. 

3 

320 

8 

0 

11 

21 

33 

39* 

9 

5 

321 

9 

X 

11 

20 

18 

28 

39 

4 

322 

10 

F- 

11 

21 

21 

29 

0 

4 

323 

11 


11 

12 

33 

17 

15 

3 

324 

12 


11 

15 

21 

18 

0 

i 4 

325 

13 

P 

11 

16 

3 

14 

15 

5 

326 

14 

(J 

11 

15 

6 

15 

21 

5 

327 

15 

e 

11 

3 

33 

15 

48 

; 3 

328 

16 

V 

11 

2 

21 

15 

15 

I ^ 

329 

17 

e 

10 

28 

36 

22 

0 

! ^ 

320 

18 

77' 

11 

15 

42 

41 

0 

4 

331 

19 

L 

11 

10 

27 

34 

9 

4 

332 

20 

K 

11 

5 

39 

36 

27 N. 

i 4 



Andromeda {31erdt ulniusalasaloi) 




333 

1 

8 

0 

18 

36 

1 

24 

0 N. 

3 

334 

2 

TT 

0 

19 

54 

26 

5* 

4 

335 

3 

e 

0 

18 

3 

22 

24 

4 

336 

4 

O' 

0 

17 

30 

30 

45 

4 

337 

5 

d 

0 

17 

24 - 

32 

21* 

4 

338 

6 

p 

0 

18 

48 

31 

30 

5 

339 

7 

L 

0 

12 

42 

41 

0 

4 

340 : 

8 

K 

0 

13 

39 

41 

49 

4 

341 ' 

9 

X 

0 

15 

0 

43 

24 


342 

10 

C 

0 

17 

33 

17 

18 

4 

343 

11 

V 

0 

19 

18 

15 

36 

5 

344 

12 

/8 

0 

27 

21 

25 

36 

o 

345 

13 

P 

a 

26 

6 

29 

30 

4 

346 ' 

14 

V 

' 0 

25 

9 

32 

30 

4 

347 

15 

7 

^ 1 

10 

39 

27 

36 

3 

348 

16 


1 

11 

3 

30 

30 

4 

340 

17 


1 

9 

3 

35 

0 

4 

350 

18 


1 

5 

39* 

28 

39 

4 
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351 19 j T 1 5 36 

352 20 ^14 3 

353 21 : A 1 6 48 

354 22 X 1 7 0 


355 I 23 


0 4 48 


34 15 
31 0 

43 42 N. 



Triangulum {3Iusalasit7'i'konamurttih) 



356 

1 

a 

1 

3 

00 

36* 

6N. 

3 

357 

2 


1 

9 

18 

20 

15 

3 

358 

3 

8 

1 

10 

15 

19 

12 

5 

359 

4 

y 

1 

10 

45 

18 

12 

3 


Aries {31esha) 



y 

1 

1 

1 

55’ 


1 

0 

21 

V 

1 

i 1 

1 

4 

36 

d 

1 

1 

5 

6 


5 t I 1 0 9 

I 

6 V j 1 11 3 

I 

7 e : 1 14 39 

8 S 1 18 3 

9 ^ 1 19 3 

I 

10 j r- : 1 20 39 

11 p : 1 12 42 

I I 

12 1 o- 1 11 48 


7 51* N. 3 

I 

6 36* i 3 

7 9 j 5 

5 16* j 5 
5 6 '5 

i 

5 45 I 6 

i 

3 12 '5 

1 39 I 4 

2 30 j 4 

1 

1 39 : 4 

1 12 j 5 

1 24 N.* 5 


372 

l.j 

1 9 

3 

5 

0 s. 

4 

Informatce 

373 

1 a 

1 4 

51 

9 

30 N. 

3 

374 

2 ‘ 

1 15 

9 

10 

0 

4 

375 

3 

1 15 

30 

12 

0 

5 

376 

4 ‘ 

1 13 

48 

10 

54 

5 

377 

5 

1 13 

3 

10 

36 N. 

5 



378 

1 

/ 

s 

1 

0 

20 

28* 

0 

6 

24 S. 

4 

379 

2 

s 

1 

19 

57 

7 

42 

4 

380 

3 

( 

1 

18 

42 

8 

54 

4 

381 

4 

0 

1 

18 

0 

9 

39 

4 

382 

5 

e 

1 

24 

3 

9 

0 

6 

383 

6 

X 

1 

27 

51 

8 

21 

3 

384 

7 


2 

0 

33 

12 

42 

4 

385 

8 

V 

1 

27 

30 

14 

45 

4 

386 

9 

cl 

2 

5 

48 

9 

42 

4 

387 

10 

d 

2 

5 

21 

12 

35* 

4 

388 

11 

y 

2 

3 

3 

6 

9 

3 

389 

12 

8‘ 

2 

3 

51 

4 

9 

3 

390 

13 


2 

5 

12 

6 

15 

3 

391 

14 

a 

2 

6 

39 

5 

15 

1 

392 

15 

e 

2 

5 

18 

2 

54 

3 

393 

16 

i 

2 

10 

33 

4 

27 

5 

394 

17 

m 

2 

13 

24 

4 

30 

5 

395 

18 

1 

2 

13 

33 

3 

0 

5 

396 

19 


2 

21 

9 

2 

42 S. 

3 

397 

20 

T 

2 

8 

42 

0 

30 N. 

4 

398 

21 


2 

4 

57 

1 

0 

4 

399 

22 


2 

4 

33 

0 

9 

4 

400 

23 


2 

0 

12 

0 

39 N.* 

6 

401 

24 


2 

3 

12 

1 

0 S. 

5 

402 

25 

F 

2 

1 

51 

4 

48 N. 

5 

403 

26 


2 

1 

27 

6 

18 

5 

404 

27 

X 

2 

4 

51 

3 

33 

5 

405 

28 


1* 

4 

33 

5 

36 

5 

406 

29 


1 

26 

9 

3 

45 

5 

407 

30 


1 

26 

24 

3 

30 

5 

408 

31 


1 

26 

57 

3 

45 

5 

409 

32 

V 

1 

27 

6 

4 

9N. 

4 
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Xo. Xo. , Bayer. Longitude. ] Lutitude. 'M'-g 


In formats 



1 


s 

O 

' 

O 

' 

■ 

410 

1 


1 

18 

51 

19 

SOS. 

4 

411 

2 

L 

2 

18* 

13* 

1 

35* 

5 

412 

3 

V 

2 

16 

51 

1 

9 

5 

413 

4 

O 

2 

18 

54 


30 

5 

414 

5 


2 

21 

42 

6 

34* 

5 

415 

6 


2 

22 

57 

8 

0 S. 

5 

416 

7 ! 


2 

20 

24 

1 

15 N. 

5 

417 

8 


2 

21 

51 

2 

30 

5 

418 

9 


2 

23 

45 


48 

5 

419 

10 


2 

24 

21 

3 

42 

5 

42) 

11 


2 

25 

36 

2 

20 N. 

5 


Gemini (Mithuna) 


421 

1 

a 

3 

16 

51 

9 

54 N. 

2 

422 

2 


3 

20 


6 

30 

2 

423 

3 

e 

3 

7 

33 

10 

45 

4 

424 

4 

T 

3 

12 

3 

7 

30 

■ 

425 

5 

L 

3 

15 

36 

5 

30 


426 

6 

V 

3 

17 

57 

4 

54 

1 

427 

7 

K 

3 

20 

1 

9 I 

2 

45 

■ 

428 

8 

A 

3 

15 

9 ■ 

2 

45 


429 

9 

b- 

3 

16 

3 

3* 

45 


430 

10 

e 

3 

6 

21 

1 

15* N. 

3 

431 

11 

8 

3 

14 

51 

0 

21 S. 

3 

432 

12 

C 

3 

11 

6 

2 

18 

4 

433 

13 

\ 

3 

15 

6 

6 

0 

3 

434 

14 

V 

3 

0 

3 

1 

30 

4 

435 

15 


3 

1 

39 

1 

15 

4 

436 

16 

V 

3 

3 

33 

3 

24 

4* 

437 

17 

y 

3 

5 

39 

7 

12 

3 

438 

18 


3 

7 

39 

le 

12 S. 

4 


Xo, 

xo. 

1 

B.iyer. 

Longitude. 1 

Latitude- 

Mag. 

InformatcB 

1 



,s 

O 


o 



439 

1 


3* 

27 

21 

0 

45 S. 

4 

440 . 

2 

K , 

3 

0 

3 

6 

0 X. 

4 

441 

3 

d ' 

3 

8 

12 

2 

0 .s. 

5 

442 

4 


3 

23 

9 

1 

20 

5 

443 

5 


3 

21 

21 

3 

0 

5 










444 

6 

f 

3 

19 

54 

4 

15 

5 

445 

7 


3 

25 

18 

2 

45 S. 

4 


Cancer 

(Karka) 












Oil 

446 

1 

e 

4 

3 

54 

1 

0 N. 

choh 









ha 

447 

2 

-n 

4 

1 

33 

1 

21 N. 

4 

448 

3 

0 

4 

1 

48 

1 

15 S. 

4 

449 

4 

y 

4 

3 

42* 

3 

6 N. 

4 

4.50 

5 

8 

4 

4 

51 

0 

15 S. 

4 

451 

6 

a 

4 

9 

48 

5 

21 S. 

4 

452 

7 

1 

4 

2 

15 

10 

15 N. 

4 

453 

8 

•> 

0-' 

3 

27 

45 

0 

54 N. 

5 

454 

9 


4 

0 

51 

10 

30 S. 

4 


Informatce 


^^-,1 

1 


4 

8 

18 

2 

15 S. 

4 

456 

2 

K 

4 

12 

3 

5 

48 S. 

4 

457 , 

3 

V 

4 

9 

3 

5 

0 N. 

5 

458 ■ 

4 


4 

6 

57 

7 

0 N. 

5 


Leo {Simha) 


459 

1 

K 

4 

12 

18 

10 

9N. 

4 

460 

«> I 

“ 1 

X 

4 

14 

18 

8 

0 

4 

461 

3 

0- 

■ 4 

17 

33 

12 

21 

3 

462 

4 ' 

€ 

4 

26 

6* 

9 

45 

3 

463 

5 i 


4 

24 

33 

11 

33 

3 

464 

6 

y 

4 

26 

6 

9 

45* 

2 

465 

7 ' 

V 

2* 

24 

27 

4 

48 

3 

466 

8 ' 

a 

4 

26 

21 

0 

9 X. 

1 
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Xo. 

Xo. 

Bijer 

Loiuitudc. 

1 Latitude. 

Mag. 




s 

o 


o 

/ 


467 

9 

A 

4 

26 

30 

1 

27 S. 

4 

46S 

10 

V 

4 

24 

3 

0 

12 

5 

409 

11 

'P 

4 

21 

3 

0 

6 

6 

470 

12 

i 

4 

18 

30 

3 

9 

6 

471 

13 

0 

4 

21* 

30 

3 

57 

4 

472 

14 

TT 

4 

25 

48 

4 

0 

4 

473 

15 

P 

5 

2 

45 

0 

9S. 

4 

474 

16 

i 

5 

0 

33 

4 

15 N. 

6 

47o 

17 

k 

5 

4 

9 

5 

36 

0 

476 

18 

1 

o 

6 

27 

2 

6 

6 

477 

19 

b 

5 

5 

27 

13 

6 

5 

478 

20 

8 

5 

7 

36 

14 

9 

2 

479 

21 


- 

6 

48 

15* 

45 

5 

4S0 

22 

0 

o 

9 

48 

9 

24 

3 

481 

23 

1 

o 

14 

6 

6 

9 

3 

482 

24 

cr 

0 

15 

24 

1 

15 N. 

4 

483 

25 

p® 

o 

15 

39 

5 

OS. , 

4 

484 

26 

p 

5 

21 

12 

3 

15 S. 

5 

00 

27 ’ 

/3 

5 

17 

57 

12 

ON. 

1 

Informat ce 

486 

1 


4 

29 

48 

14 

ON. 

5 

487 

2 


o 

2 

3 

16 

30 

5 

488 

3 

X 

5 

10 

51 

1 

15 N. 

4 

489 

4 

c 

5 

10 

27 

0 

30 8. 

5 

490 

0 

(1 

5 

11 

24 

3 

OS. 

5 

491 

6 


5 

20 

12 

28 

12 N. 

5 

492 

7 


5 

20 

33 

23 

30 

5 

4o:j 

8 


5 

24 

30 

24 

ON. 

5 


Virgo 


{Kanyd) 



494 

1 

P 

i ^ 

20 

39 

4 

39 N. 

5 

495 

! 2 

i 


5 

I 

20 

33 

6 

15 

5 

496 

i 3 

o 

l5 

1 

24 

39 

8 

24 

5* 

497 

4 

i 

TT 

1 

i 5 

i 

29* 

27 

6 

9 

5 


No. 

No. 

Bayer. 

Longit uile. 

Latitude. 

Mag 




s 

O 

, 

o 



498 

o 

yS 

5 

22 

39 

0 

ION. 

3 

499 

6 

V 


1 

15 

1 

30 

3 

500 

7 

7 

6 

6 

21 

2 

54 

3 

501 

8 


6 

10 

30 

3 

0 

6 

502 

9 

0 

6 

14 

33 

1 

36 

4 

503 

10 

8 

6 

8 

9 

8 

45 

3 

504 

11 

P 

6 

1 

54 

13 

30 

5 

505 

12 

d- 

6 

4 

9 

11 

18 

6 

506 

13 

e 

6 

5 

57 

16 

15 N. 

3 

507 

14 

a 

6 

20 

18 

2 

9S. 

1 

5C8 

15 

i 

6 

19 

3 

8 

45 N. 

3 

509 

16 

1- 

6 

20 

24 

3 

12 N. 

5 

510 

17 

h 

6 

21 

27 

0 

24 S. 

6 

511 

18 

m 

6 

23 

3 

1 

9N. 

5 

512 

19 

i 

6 

22 

33 

2 

54 S. ‘ 

5 

513 

20 


6 

25 

21 

1 

30 S. 

5 

514 

21 

P 

6 

23 

6 

8 

45 N. 

5 

515 

22 

1 

6 

29 

57 

7 

15 

4 

516 

23 

K 

7 

1 

0 

3 

0 

4 

517 

24 : 


7 

1 

00 

11 

1 

45 

4 

518 

25 

1 

7 

3 

15 

0 

42 

4 

519 

26 

P 

7 

6 

45 

9 

51 N. 

4 

Informat(B 

520 

1 

X 

6 

8 

18 

3 

42 S. 

5 

521 

2 , 

'P 

6 

12 

IS 

3 

24 

5 

522 

3 

CP 

D 

6 

15 

27 

3 

21 

5 

523 

4 


6 

20 

15 

8 

0 

6 

524 

5 


6 

21 

27 

•8 

36 

5 

525 

6 


6 

28 

18 

7 

42 S. 

6 


Libra 


{Tula) 



526 

1 

1 


i 





3 

527 

2 


1 




45 

5 
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No. 

No. 

Bayer. 


Lor.gitudc. 

Latitude. 

Mag 

528 

3 


S 

7 

0 

16 

6 

o 

8 

/ 

45 N. 

1 

! 

‘ 3 

529 

4 

8 

7 

12 

6 

8 

36 

5 

530 

5 


7 

17 

20* 

1 

46* 

; 4 

531 

6 

v’ 

7 

14 

54 

1 

9 

5 

532 

7 

y 

7 

21 

57 


45 

4 

533 

8 

e 

7 

26 

12 

2 

57 N. 

4 


Informal ce 


5.34 

1 

7 20 3 

8 42 N. 

■ 

535 

2 

t 7 26 54 

6 30 

■ 

536 

3 

7 27 33 

8 54 


537 

4 

X 7 26 33 

0 36 

6 

538 

5 

, 7 23 48 

3 12 N. 

6 

539 

6 

K 7 24 33 

1 24 S. 

B 

540 

7 

7 17 27 

7 30 

B 

541 

8 

7 25 3 

8 15 

1 

542 

9 

\ 1 25 51 

1 

10 OS. 

1 


Scorpio {rrischika) 


543 

1 


7 

29 

30 

1 

20 N. 

3 

544 

2 

8 

7 

29 

6 

2 

3 S. 

3 

545 

3 

TT 

7 

28 

45* 

5 

27 

3 

546 


P 

7 

29 

3 

8 

51 S. 

3 

547 

5 

V 

8 

0 

36 

1 

45 N. 

4 

548 

6 

0}^ 

7 

29 

18 

0 

30 N. 

4 

549 

7 

cr 

8 

4 

36 

3 

45 S. 

3 

550 

8 

a 

8 

6 

24 

4 

30 

2 

551 

9 

T 

8 

7 

48 

6 

21 

3 

552 

10 

9 

C 

8 

2 

21 

6 

57 

5 

553 

11 


8 

3 

33 

7 

12 

5 

554 

12 

e 

8 

10 

27 

12 

0 

3 

555 

' 13 

P 

8 

12 

3 

15 

55* 

3 

556 

14 

c 

8 

13 

27 

18 

51 

4 

557 

15 


8 

13 

33 

ID 

15 

4 


No. 

No 

Bayer. 


Longitude. 

Latitude. Jlag 


i 


s 

o 

/ 

0 

/ 

558 

1 16 

V 

8 

17 

9 

21* 

OS. : 3 

1 

559 

17 

6 

8 

22 

3 

19 

1 

21 3 

560 

18 

L 

8 

23 

36 

16 

18 3 

561 

19 

X 

8 

22 

39 

16 

0 3 

1 

562 

20 

X 

8 

20 

10* 

13 

33 I 3 

563 

21 

V 

8 

20 

3 

13 

54 S. : 3 


Informatce 


564 1 


8 24 0* 13 39 S. 

4 




Cu. 

565 2 


8 19 15 6 45 

5 

566 3 


8 23 39 4 15 S. 

5 


Sagittarius [Bhanit) 


567 

1 

y 

8 

27 

57 

7 

12 S. 

3 

568 

0 

8 

9 

1 

36* 

6 

45 

3 

569 

3 

e 

8 

1 

21 

11 

12 
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8 

59 

65 

40 

3 

883 

38 

8 

5 

15* 

9* 

65 

50 

3 

884 ; 

39 

V 

5 

19 

49 

67* 

20 

3 

8.85 ■ 

40 

h 

5 

24 

49 

1 62 

50 

4 

880 ; 

41 

1 

c 

6 

1 

49 

62 

15 

4 

887 1 

1 

1 

42 


2 

26 

21 

67* 

9 

4 

888 ; 

43 

y 

3 

12 

39 

66 

22* 

3 

889 ; 

44 

a 

3 

10 

58 

75 

0 

1 

890 ■ 

45 

h 

3 

22 

49 

71 

45 S. 

3 


Hydra (Snjd) 



4 29 24 ‘ 52 30 


891 

1 

1 

(T 

4 

7 

36 

u 

33 S. 

4 

892 

2 

8 

: ^ 

6 

33 

12 

30 

4 

893 

3 , 

e 

[ 4 

8 

36 

11 

15 S. 

4 

894 

4 

V 

1 

4 

10* 

33 

14 

9 

5 

895 

5 

C 

4 

11 

3 

11 

9 

4 

890 

6 

(O 

i 4 

1 

13 

48 

12 

9 

6 

897 

7 

e 


16 

36 

13 

0 

4 

898 

8 

o 

T" 

4 

22 

9 

15 

9 

4 

899 

9 

( 

4 

23 

36 

i 

14 

39 

4 
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No. 

1 

No. 

Bayer. 

Longitude. 

Latitude. 

■ 




s 

O 

/ 

e 


■ 

900 

10 


4 

22 

3 

16 

42 S. 1 

B 

901 

11 

A 


22 

51 

21 

42 


902 

12 

a 

4 

23 

39 

22 

30 

H 

903 

13 


5 

2 

18 

26 

0 

H 

904 

14 

o 

V“ 


4 

21 

23 

15 

4 

905 

15 

X 

5 

5 

18 

22 

0 

4 

906 

16 


5 

11 

12 

24 

10* 

3 

907 

17 


4+ 

14 

9 

23 

36 

4 

908 

18 


^ 5 

16 

45 

22 

0 

3 

909 

19 

/S 

5 

24 

54 

25 

39 

4 

910 

20 


5 

25 

18 

30 

21 

4 

911 

21 


6 

4 

9 

21* 

42 

4 

912 

22 


6 

7 

18 

33 

48 

4 

913 

23 


1 

6 

9 

18 

31 

15 

3 

914 

24 

y 

6 

23 

3 

13 

45 

3 

915 

25 

TT 

7 

5 

18 

13 

9S. 

3 


Informa tae 


916 

1 

4 

6 

24 

22 

39 S. 



2 ; 

5 

3 

12 

10 

12 



Crater {Vdtiyd vahu gum pdtra) 


918 

1 

a 

5 20 3 

22 42 S. 

4 

919 

2 

y 

5 26 3 

19 45 

4 

920 

3 

s 

5 23 9 

17 42 

4 

921 

4 

c 

5 29 45 

18 33 

5 

922 

5 

c 

5 22 30 

13 21 


923 

6 

V 

6 2 3 

17* 48* 

4 

924 

7 

d 

5 25 3 

11 24 S. 

4 


No. 

No. 

Bayer. 

Lo 

Hgitude. 

Latitude. 

Mag 

928 

4 

y 

s 

6 

0 

6 

54 

o 

14 

18 8. 

3 

929 

5 

8 

6 

9 

39 

12 

0 

3 

930 

6 

-n 

6 

10 

9 

11 

39 

4 

931 

7 

/8 

6 

13 

48 

17 

49 

3 


Centaur us {Kamviiras) 


932 

1 

9 

7 

4 

33 

22 

9S. 

5 

933 

2 

h 

7 

3 

45 

19 

6 

5 

934 

3 

i 

7 

3 

24 

20 

48 S. 

4 

935 

4 

k 

7 

4 

9 , 

20 

0 

5 

936 

5 

L 

6 

29 

21 1 

25 

48 

3 

937 

6 

e 

7 

8 

48 

21 

57 

3 

938 

7 

'P 

7 

2 

33 

27 

45 

5 

939 

8 

i 

7 

11 

33 

23 

0 

4 

940 

! 9 

j 

o 

7 

12 

42 

24 

0 

4 

941 

i 

IT 

7 

15 

24* 

18 

6 

4 

942 

! 11 

P 

7 

15 

45 

21 

15 

4 

943 

12 

T 

1 

7 

6 

52 

2S 

1 

45 

4 

944 

; 13 

V 

7 

7 

48 

29 

24 

4 

945 

14 

0 

7 

9 

3 

27 

45 

4 

946 

15 

1 

m 

7 

10 

15 

26 

42 

4 

947 

: 16 

K 

7 

16 

30 

25 

30* 

3 

948 

17 

a 

7 

20 

54 

24 

15 

4 

949 

; 18 

X 

7 

11 

3 

32 

48 

3 

950 

i 19 

n 

7 

10 

51 

30 

0* 

5 

951 

: 20 

X 

7 

10 

3 

30 

i 

48* 

5 

952 

i 21 

OJ 

7 

6 

3 

34 

54 

5 

953 

i 

22 

0 

7 

2 

9 

1 37 

42 

5 

954 

23 

t 

; p- 

6 

28 

48 

1 

, 40 

12 

i ^ 

955 

i 24 

c 

6 

27 

54 

i 40 

0 

1 ^ 


Corvus 


956 1 

1 

25 

P 

6 

26 

3 ' 

41 

0 

1 _ 

\ ^ 

925 ' 

1 

a 

6 

8 

21 j 

22 

0 8. 

3 


957 i 

26 1 

j 

/8 

6 

26 

12 i 

46 

6 

' 3 

j 

926 

2 

e 

6 

8 

6 

19 

15 

3 


958 

27 i 

1 

e 

6 

27 

19 

46 

15 

5 

927 

3 

c 

1® 

10 

33 

18 

15 

5 


959 

28 i 

1 


7 

12 

9 

40 

45 

5 

1 
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No, 

No. 

1 

Bayer. | 

j Lo:i:iitude. ' 

Latitude. 

Mag 

960 

29 


s 

7 

a 

10 

! 

9 

o 

43 

/ 

0 S. 

3 

961 

.30 





• 

• 

•• 

962 

31 

V 

7 

3 

49 

51 

10 

2 

963 

32 


7 

9 

9 

51 

40 

2 

964 

33 

f 

7 

0 

9 

55 

10 

3 

96.5 

34 

i 

7 

4 

59 

55 

20 

' 2 

960 

35 

a 

8 

2 

9 

41 

10 

1 

967 

36 

7 

7 

17 

59 

45 

20 

2 

96S 

37 

€ 

7 

8 

29 

49 

10 S. 

4 



909 

l 

1 

0 

1 

i ' 

21 

15 

25 

OS. 

3 

970 

: 2 

a 

7 

29 

33 

30 

3 

3 

971 

3 


! 7 

25 

12 

21 

28* 

: 4 

972 

' 4 ' 

1 

V 

7 

26* 

33 

' 21 

18 

3 

i 

973 

0 

e 

7 

26 

45 

i 25 

12 

4 

974 

I 

6 

TT 

7 

1 

23 

27 

1 27 

30 

5 

975 1 

7 ' 

/3 

7 

24 

15 

29 

12 

5 

976 

8 


7 

26 

39 

29 

0 

5 

977 

9 

P 

7 

26 

12 

29 

57 

5 

978 ‘ 

1 

10 

9 

7 

29 

29* 

33 

10 

4 

979 

11 

r 

7 

13 

49 

31 

20 S. 

5 

980 

12 , 

‘ i 

7 

15 

21 

30 

36 

4 

981 

13 

1 

K 

7 

16 

33 

29 

24 

5 

982 

1 

V 

8 

2 

9 

27* 

18 

4 

983 

15 

1 

P ! 

8 

2 

27 

15 

45 

5 

984 

16 

n 

7 

29 

3 

13 

21 

5 

985 

17 

X 1 

1 

8 

0 

9 

13 

30 

5 

[80 

18 

e ! 

1 

7 

20 

41* 

13 

6 

6 

987 

i 

19 

8 

7 

21 

6 

11 

SOS. 

5 


No. 

No. 

1 Bayer. 

Long tude. 

Latitude. 


1 


; S 

O 

/ 

: ® 

/ 

990 

3 

8 

I 8 

19 

59 

26 

30 S. 4 

991 

4 

a 

8 

14 

20* 

30 

20 5 

992 

5 


8 

18 

59 1 

34 

10 4 

993 

6 

V 

8 

18 

49 

33 

20 4 

994 

7 

9 

8 

14 

39 

34 

OS. 4 



I 


Corona Australis 


{Mahuta) 



9 

2 

15 

22 

OS. 

4 

9 

5 

42 

21 

18 

6 

9 

6 

24 

20 

30 

6 

9 

8 

0 

19 

51 

5 

9 

9 

24 

18 

18 

5 

9 

10 

18 

17 

18 

5 

9 

10 

9 

16 

12 

5 

9 

9 

42 

15 

15 

5 

9 

8 

24 

15 

12 

5 

9 

8 

9 

14 

39 

6 

9 

5 

33 

15 

0 1 

5 

9 

3 

15 

16 

0 

5 

9 

2 

9 

18 

36 S. 

5 



Piscis Austrinus \31uchohlii yaniivl) 



1008* 

1 


10 

24 

48 ■ 

21 

SOS. 

1009 

2 

7 

10 

28 

18 ' 

! 

23 

30 

1010 

3 

8 

10 

29 

3 ‘ 

23 

48 

1011 

4 

e 

10 

28 

54 ' 

17 

45 

1012 

5 

P 

10 

20 

3 1 

21 

0 

1013 ' 

6 

1 c 

1(0) 26 

15 1 

16 

45 

1014 

7 i 

X 

10 

22 

1 

55 

16 

15 

1015 

8 1 
1 

V 

10 

19 

30 ' 

15 

30 

1016 

i 

1 

e 

10 

15 

27 ' 

16 

54 

1017 

10 1 

1 

10 

14 

33 1 

18 

33 

1018 

11 1 

K 

10 

14 

33 1 

23 

15 S. 
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I 

10 

28 

29 

49 

53 

84 

94 

III 

115 

118 

132 

150 

205 

219 

221 

225 

232 

257 

275 

350 


3C0 

361 

378 

405 


411 i 
439 
449 ' 
462 
465 

497 


Losoitcdes. 


Jai Singh. 


2 24 23 

3 19 57 

4 15 18 

4 47 15 

9 19 58 

0 11 9 

10 11 9 

6 29 25 

7 8 38 

7 10 26 

7 14 39 

8 6 15 

9 16 18 

1 8 54 

2 26 30 

2 28 51 
2 25 9 

8 19 12 

8 26 44 
8 21 8 
1 5 39 

1 1 55 

1 0 21 
1 20 28 

1 4 33 

2 18 13 

3 27 21 

4 3 42 

2 26 6 
2 24 27 

4 21 30 

5 29 27 


Baily + 4'^ 8'. 


o r / 


2 

24 

27 

3 

19 

51 

4 

15 

48 

4 

17 

15 

9 

19 

18 

0 

1 

9 

0 

11 

9 

6 

29 

24 

7 

8 

42 

7 

10 

36 

7 

15 

39 

8 

6 

12 

9 

15 

18 

2 

8 

54 

2 

6 

30 

2 

18 

51 

2 

15 

9 

8 

19 

21 

8 

26 

45 

8 

21 

12 

1 

5 

19 

1 

0 

21 

1 

1 

15 

1 

20 

18 

2 

4 

33 

2 

13 

18 

2 

27 

21 

4 

3 

43 

4 

17 

1 5 

4 

24 

27 

4 

20 

30 

5 

24 

27 


526 

7 

12 

15 

7 

12 

0 

530 ! 

7 

17 

20 

7 

17 

24 

545 

7 

28 

45 

7 

28 

48 

562 ‘ 

8 

20 

19 

8 

20 

39 

564 

8 

24 

0 

8 

24 

3 

568 : 

9 

1 

36 

9 

1 

6 

590 

9 

12 

21 

9 

12 

51 

593 

9 

28 

33 

9 

13 

33 

603 i 

10 

1 

57 

10 

1 

27 

634 ' 

11 

3 

27 

11 

3 

21 

637 

11 

7 

30 

11 

7 

3 

646 : 

11 

21 

42 

11 

2 

42 

649 

11 

6 

52 

11 

6 

12 

665 

11 

16 

12 

11 

6 

12 

606 

11 

6 

23 

11 

i 

3 

669 ' 

11 

23 

20 

11 

23 

18 

676 

11 

29 

24 

11 

19 

24 

723 

1 

13 

3 

0 

13 

3 

743 

2 

11 

3 

2 

21 

3 

752 

2 

8 

24 

2 

8 

21 

753 

2 

8 

47 

2 

8 

42 

764 

2 

29 

39 

2 

18 

39 

772 

2 

7 

21 

2 

7 

51 

797 

1 

20 

30 

1 

20 

33 

803 

1 

11 

48 

0 

11 

48 

810 

2 

15 

48 

2 

15 

51 

855 

4 

6 

30 

4 

6 

3 

865 

4 

14 

3 

4 

14 

7 

883 

5 

15 

9 1 

5 

14 

29 

894 

4 

10 

33 

4 

8 

33 

907 

4 

14 

9 

5 

14 

9 

941 

7 

15 

24 1 

7 

15 

14 

972 

7 

26 

33 i 

7 

27 

33 

978 

7 

29 

29 1 

7 

29 

49 

986 

7 

20 

41 1 

7 

20 

48 

991 

8 

14 

20 

8 

14 

29 


A 1‘2 Differences between Jai Singh’s and 
Daily’s versions of Ulugh Beg’s 

CATALOGUE. 


Latitudes. 


No. 

j Jai Singh. 

1 Bailv. 

1 

1 


0 

/ 

• o 


42 

20 

15 

; 29 

15 

51 

' 80 

30 

1 80 

33 

57 

80 

36 

■ 80 

30 

59 

80 

55 

: 80 

15 

119 

1 27 

9 

37 

9 

1.50 

60 

15 

. 60 

4.5 

164 

69 

42 

69 

52 

173 

64 

27 

; 64 

24 

175 

50 

2 

50 

12 

236 

82 

0 

^ 32 

0 

245 


N. 


S, 

246 


N. 


S. 

248 


N. 


s. 

278 

26 

56 

26 

54 

288 

31 

9 

, 31 

0 

305 

32 

54 

32 

i. 

306 

32 

12 

31 

21 

3D7 

31 

21 

, 32 

12 

320 

39 

9 

34 

9 

334 

26 

5 

26 

54 

337 

' 32 

21 

32 

30 

351 

23 

33 

27 

36 

356 

36 

6 

16 

6 

360 

7 

51 

6 

36 

361 

6 

36 

7 

51 

363 

5 

16 

5 

36 

371 


N. 


s. 

387 

12 

35 

' 12 

15 

400 

1 

N. 


S. 

411 

1 

35 

i 1 

15 

414 

6 

34 

i 6 

54 

429 

3 

45 

5 

45 

4.30 

1 

15 

1 

51 

464 

9 

45 

9 

0 

479 

15 

45 

16 

45 

530 


N. 


s. 

558 

21 

0 

, 20 

0 

574 


s. 

' 

N. 

612 

5 

12 

6 

12 

648 


s. 


N. 

683 

6 

0 

0 

0 

710 

12 

11 

12 

51 

733 

17 

45 

17 

15 

771 

28 

12 

29 

54 

772 

27 

28 

27 

48 

774 

24 

24 

25 

24 

788 

39 

4.5 

38 

45 

792 

12 

,30 

1 42 

30 

872 

21 

24 

1 51 

24 

884 

67 

20 

j 66 

20 

888 

66 

22 

• 66 

12 

906 

24 

10 

1 24 

45 

911 

21 

42 

i 31 

42 

923 

17 

48 

16 

18 

947 

25 

30 

25 

33 

982 

27 

18 

, 17 

18 


Stab Magnitudes. 




No. J. S. 

B. 

8 ' 4 

3 

70 4-3 

3 

128 3 

4 

246 5 

4 

496 5 

4 

619 3 

4 

620 

3 

824 4 

5 

835 4 

5 

1013 5 

6 


Additions to tables 
OF differences. 


Jai Singh. Biily* 


Longitude. 


go/ s ° ' 

127 8 26 53 8 26 33 


L titude. 



O 

/ 

0 

/ 

555 ! 

i 13 

55 

15 

15 

571 

O 

28 

' 2 

18 

887 

67 

9 

66 

9 

9.50 i 

30 

0 

30 

48 

1 

951 

30 

48 

30 

0 


971 


21 28 


21 18 






116 ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 

A 2. MAHENDRA’s star LIST. 



Mahendra’s List. 

Ptolemy’s 

VALUES. 

Diffee- 

FWES. 

Modern names 
Magnitudes. 

and 

No. 

in 

Jai 

No. 


1 



1 





Name. [Longitude. 

i 

Latitude. 

jongitude. 

Latitude. 1 

;^Long 

ALat 



Singh. 

1 

1 

! 

! 

s * ^ 

0 6 43 

O t 

+ 27 0 

S ° ' 

11 17 50 

O / 

+27 0 

o / 

18 53 

0 

8 Pegasi = Ci And.2-1 

313 

2 

Nadyantak . 

0 19 43 

—53 30 

0 0 10 

—53 30 

19 30^ 

0 

6 Eridani 

• 

802 

3 


0 22 43 

+ 26 20 

0 3 50 

+ 26 20 

18 53 

0 

)S Andromedse . 

2-4 

357 

4 


0 25 21 

+ 7 20 

0 6 40 

+7 20 

18 41* 

0 

y Arietis . 

. 4-7 

SCO 

5 

.. 

0 26 43 

+ 51 20 

0 7 50 

+ 51 20 

18 53 

0 

/8 Cassiopeia 

. 2-4 

187 

6 

j 

1 18 33 

+ 23 0 

0 29 40 

+23 0 

18 53 

0 

yS Persei . 

. 2 

201 

7 


1 23 43 

+30 0 

1 4 50 

+ 30 0 

18 53 

0 

a. Persei 

. 1-9 

1C6 

8 

Brahma 

2 1 33 

—5 10 

1 12 40 

—5 10 

18 53 

0 

a Tauri 

. M 

391 

9 

At foot of 

2 8 43 

—31 30 

1 19 50 

—31 30 

18 53 

0 

/8 Orionis 

. 0-3 

765 

10 

twin.s. 

Its left B-ioul- 

2 12 53 

—17 30 

1 24 0 

—17 30 

18 53 

0 

y Orionis 

. 1-7 

733 

11 

der 

Shadasya 

2 13 53 

—22 30 

1 25 0 

—22 30 

18 53 

0 

a Aurigte . 

. 0-2 

221 

12 

Ardra . 

2 20 53 

—17 0 

2 2 0 

—17 0 

18 53 

0 

a, Orionis . 

. 0-9 

732 

13 

Agastya 

3 6 4 

—75 0 

2 17 0 

— 75 0 

18 54* 

0 

CL Argus . 

. -0-8 

889 

14 


3 6 33 

—39 10 

2 17 40 

—39 0 

18 53 

0 

a Canis Majoris- 

- 1-6 

815 

15 

, , 

3 12 33 

+ 9 40 

2 23 29 

+9 40 

19 4* 

0 

a Geminornm 

. 2 

421 

16 

Vyadhaniya . 

3 18 43 

—16 10 

2 29 10 

—16 10 

18 332 

0 

a Canis Minoris 

0-5 

845 

17 

Alagha 

4 21 23 

+0 10 

4 2 30 

+0 10 

IS 53 

0 

a Leonis . 

. 1-3 

466 

18 

« • 

5 13 23 

+ 11 50 

4 24 30 

+ 11 50 

18 53 

0 

y8 Leonis . 

. 2-2 

485 

19 

• • 

5 27 33 

—14 50 

5 13 30 

—14 50 

14 3* 

0 

y Corvi 

. 2-8 

928 

20 

Chitra . 

6 15 33 

—2 0 

5 26 40 

—2 0 

18 53 

0 

a Virginis 

. 1-2 

607 

21 

Svati . 

6 15 53 

+ 31 30 

5 27 0 

+ 31 30 

18 53 

0 

a Bootis . 

. 0-2 

110 

22 

Visakha 

7 3 33 

+ 44 30 

6 14 40 

+ 44 30 

18 53 

0 

a Coronse Borealis 2-3 

111 

23 

Jyeshtha 

8 1 33 

—4 0 

7 12 40 

-4 0 

18 53 

0 

a Scorpii . 

. 1-2 

550 

24 

At the edge of 

8 13 43 

+ 36 0 

; 7 24 .50 

+ 36 0 

,18 53 

0 

1 a Ophiuci 

. 2-1 

232 

25 

Uhanus. 

Nula . 

8 20 3 

' —13 10 

I 8 1 10 

—13 15 

i 

18 53 

1 

0°5' 

1 

j y Telescopii 

. Neb. 

564 

26 


8 25 34 

! 

1 4-2 50 

* 8 6 40 

j 

+ 2 50 

,18 54* 

0 

j fjL Sagitarii 

. 3-8 

571 

27 

Abhijit 

9 6 13 

+ 62 0 

; 8 17 20 

+ 62 0 

18 53 

0 

a Lyrae 

. 0-14 

148 

28 

. • 

9 22 43 

^ +29 10 

1 

9 3 50 

+ 29 10 

18 53 

0 

a Aquilm . 

. 0-9 

286 


• . 

10 25 53 

1 

—23 0 

1 10 7 0 

—23 0 

18 53 

03 

a Pise. Aust. 

. 1-3 

667 

30 

• . 

10 28 3 

+ 60 0 

10 9 10 

+ 60 0 

18 53 

1 

0 

1 

a Cygni . 

, 1-3 

162 

31 

1 

11 21 3 

+ 31 0 

11 2 10 

+31 0 

18 53 

0 

i y8 Pegasi . 

. 2-6 

316 

32 

1 

11 23 13 

' —9 40 

j 11 4 40 

—9 40 

jl8 53 

0 

( Ceti 

! 

. 3-7 

729 


1 See the interesting note in Peters and Knobel’s Ptol. Cat., p. 110. The readings for longitude vary. 

* The readings vary. ® Some authorities give — 20° 20, but Baily gives — 23° 0. See I tol. Cat. p. 113. 
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A 3. THE SLRYA SIDDHANTA STAR LIST. 




SURYA SIDDHANTA. 

Flamsteed's 


Hindu 

Names. 

Probable 

identification 

Polar 

Polar 

RnDrcED 

values reduced 

to A.D. 560. 

Nabshatra of 

ulnch the star 
is an inrlicator. 

of stars. 

Lon 

g. 

Lat. 













Long. 

Lat. 

Lon 

O' 

D’ 

Lat. 



^ Arietis . 

O 

8 

0 

O 

10 N. 

11 59 

9 

11 X. 

13 

.50 

8 

28 N. 

1. A.s\iiu. 


35 Ar'etis ■ 

20 

0 

12 N. 

24 35 

11 

6 N. 

26 

.54 

11 

17 N. 

2. Bharanl. 


■q Tauri . 

37 

30 

5 N. 

39 8 

4 

44 N. 

39 

.58 

4 

1 N. 

3. Krittika. 


a Tauri . 

49 

30 

5 S. 

48 9 

4 

49 S. 

49 45 

5 

30 S. 

4. Rohini. 

Brahmahri- 

daya. 

Agni or Huta- 

a Aurigae . 



•• 

60 29 

28 

53 N. 

61 

50 

21 

52 N. 


/3 Tauri . 




54 5 

1 

44 N. 

62 

32 

5 

22 N. 


bhuj. 

X Orionis . 

63 

0 

10 s. 

61 3 

9 

49 S. 

63 

40 

13 

25 8. 

5. Mrigasiras. 


a Or'.onia . 

67 

20 

9 S. 

65 50 

8 

53 S. 

08 

43 

10 

4 8. 

6. Ardra. 

Prajapati or 

S Aurigne . 

. 



67 11 

36 

49 N. 

69 54 

30 

49 N. 


Brahma. 

Jlrisavvadha 

a Canis llajoris 




76 23 

39 

52 S. 

84 

4 

39 

32 S. 


or Lubdhaka. 
Agastya 

a Xavis 




90 0 

80 

0 s. 

£5 

4 

75 

50 S. 



/3 Gemiuorum . 

93 

0 

6 N. 

92 55 

6 

0 N. 

93 

14 

6 

30 S. 

7. Punarvasu. 


S Ciincri . 

100 

0 

0 0 

106 0 

0 

0 

108 

42 

0 

4 N. 

8. Pushya. 


€ Hydr. e 

109 

0 

7 S. 

109 59 

6 

56 S. 

112 

20 

11 

8 S. 

9. Aslesha. 


Leonis . 

129 

0 

0 0 

129 0 

0 

0 

129 

49 

0 

27 X. 

10. Magha. 


S Leonis . 

144 

0 

12 N. 

139 58 

11 

19 N. 

141 

15 

14 

19 N. 

11. P. Phalguni. 


^ Leonis . 

155 

0 

13 N. 

150 10 

12 

5 N. 

151 

37 

12 

17 N. 

12. U. Phalguni. 

A pa.» . 

S Virginia 

• 


•• 

176 23 

8 

15 N. 

' 171 

38 

8 

38 N. 



S Corvi 

170 

0 

11 S. 

174 22 

10 

6 S. 

173 

1 

27 

12 

10 8. 

13. Hasta. 

Apamvasta . 

^ Virginia 



•• 

178 48 

2 

45 N. 

178 

12 

1 

45 N. 



(X Virgin's 

180 

0 

2 S. 

180 48 

1 

50 S. 

i 183 49 

1 

2 

2 S. 

14. Chitra. 


a Bootis . 

199 

0 

37 N. 

183 2 

33 

50 N. 

! 184 

12 

30 

57 N. 

15. Svati. 


i Librfe 

213 

0 

U S. 

213 31 

1 

25 S. 

|211 

0 

1 

48 S. 

16. Visakha. 


S Scorpii . 

224 

0 

3 S. 

224 44 

2 

52 8. 

1 222 

34 

1 

57 8 

17. Anuradha. 


a Scorpii . 

229 

0 

4 S. 

230 7 

3 

.50 8. 

1 229 44 

4 

31 S 

18. Jyeshtha. 


X Scorpii . 

241 

0 

9 8. 

242 52 

8 

48 8. 

: 

33 

13 

44 8 

19. Mula. 


S Sagittaiii 

2.>4 

0 

8. 

2.54 39 

5 

28 8. 

i 2.51 

.32 

0 

2.5 8 

20. P. Ashadha. 


CT Saglttarii 

260 

0 

5 S. 

260 23 


59 S. 

2r,2 

21 

3 

24 S 

21. L’. Aslidil xa 


a Lvra! 

206 

40 

60 N. 

264 10 

59 

.58 N. 

21)5 

15 

61 

46 N. 

22. Abhijit. 


Ct Aqiiil’" . 

280 

0 

30 N. 

282 29 

29 

.54 N. 

281 

41 

29 

19 N. 

23. Sravaua. 


/3 Delphini 

290 

0 

36 N. 

298 5 

35 

33 N. 

293 

19 

31 

57 N. 

24. Sravishth.i. 


X Afjuarii 

.320 

0 

i S. 

319 .50 

0 

28 8. 

:;2l 

33 

0 

23 8. 

25. Satablnshaj. 


Ct Pegasi . 

.320 

0 

24 N. 

334 25 


30 N. 

333 

27 

19 

2.5 N- 

26. P. Bhadra- 


1 











pacla. 


1 

y Pegasi . 

-■>37 

0 

20 N. 

347 16 

24 

1 N. 

349 

8 

25 

41 N. 

27. U. Bhadra- 












pat 1 a. 


^ Pisi.’iuin 

359 

0 

0 0 

359 50 


0 

.359 

50 

0 

0 

28. Revati. 
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Names of Stars. 


Dhaiuib al-Qitus (,3 C'eti) . 

Sadr al-Qitus ;= Coti) 

Fain al-Qitus (a Ceti, 
Minkdr). 

Rijl al-juza al-Yasri (/3 
Ononis, lli'jcl)- 

Farad al-Shaja" (a Hydroc). 

Rus al-Asad (/x Lcoiiis) . 

Qa’da Batih (a Crattvis) . 

Zalir al-Asail (a Leonis) . 

Siiiiak Ramili (a Bootis 
Arclnrus). 

Nasr-Wiiqi* (a Lyne, T’cja) 

Dliana), al-dajajah (a 
Cygm). 

Dhamdi al-Jadi Capri- 

CJl'Ill ). 

Fam al-Faras (; P<'ga«i) . 
Mankib. al-Faras ip P* gasi , 

1 Flamsteed had been 
The in-trument is dated 


The ZARQALi Instrument. 


Approximate position on the 

INSTRUMENT. 


Position according to Flamsteed. 


1 

R. A. 

■ 

Declin. Long. 

Lat. 

R. A. 

1 

Declin. 

1 

Lung. 

Lat. 

c 

S “ 


O / 

O 1 

S ° ' 

O / 

Cl 

—20 11 271 

oo 

' 

7 0 

—19 41 

11 28 13 

20 24 

3S 

— 16 0 29V 

—29 

36 91 

—13 13 

0 29 0 

—26 0 

371 

-f2 1 6 

—13 

41 32 

+ 2 50 

1 9 59 

—12 37 

To 

—91 2 121 

—311 

74 55 

—8 36 

2 12 30 

—31 10 

1371 

”2 ^ 22. \ 

OOl 

138 5 

—7 20 

4 22 58 

—22 25 

U2 

-f-28 4 151 

■ 

+ 12 

143 45 

27 27 

4 17 6 

+ 12 9 

160 

—161 5 19 

222 

161 12 

—16 39 

5 19 27 

—22 42 

162 

-f222- 5 5A 

+ 14 

164 23 

22 12 

5 6 57 

+ 14 9 

210 

-(-22 6 20 

+32 

210 221 

+ 20 49 

6 19 54 

+30 57 

2771 

+ 381 9 10] 

62 0 

276 36 

+ 38 32 

9 10 57 

4-61 4oJ 

3U8 

' +44 11 11 

1 

+ 60] 

307 40] 

+ 44 12 

11 1 1] 

+ 59 57 

3211 

— 17 , iO 18 

i 1 

1 1 

—2 

322 29 

—17 29 

10 19 13 

—2 32 

322 

1 

+ 8] 10 27 

— 22 

322 14 

+ 8 28 

10 27 34 

+ 22 7 

342 

+ 27 ' 11 24] 

+ 31 0 

342 111 

+ 26 24 

11 25 2 

-{•31 8 


at nork at Greenwich for four j'cars when the Zarqfili instruinont was made. 
A.D. lOSU and Flamsteed's catalogue is for 1089. 


APPENDIX B. 

Astrological Tables. 
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B— ASTROLOGY. 

1 he instruments, both brass and masonry, were sometimes used for astrological purposes and in 
some cases were graduated specifically for such purposes. The following notes and the accompany- 
ing tables are concerned only with such astrological matters^ as are exhibited by the instiuments, 
and relate to ; — ■ 

(1) The ascendant or rising sign. 

(2) Houses {Domus Cali). 

(3) Trigon or Triplicities and their Regents. 

(4) Terms or Limits. 

(5) Decans and Faces. 

(6) Planetary Domiciles. 

(7) Septenaries, Nonenaries, Duodenaries. 

The Ascendant or ' horo.scope ’ is the point of the ecliptic rising to the horizon at the given 
moment. Its determination is the first and mo.st important astrological problem. By means of 
the Jai Prakas (page 37) or the Kapala the ascendant could be determined by inspection. On the 
Jai Praka^ the shadow of the intersection of the cross wires shows not only the position of the sun but 
also the sign that is on the meridian, from which the rising sign could be deduced ; while the Kapala 
shows the rising sign itself. 

On the astrolabe the position of the .sun on the ecliptic (its longitude) and its position for the day 
(its altitude) being known, the only operation required is to turn the -ankabut [arnnea). so that the part 
of the ecliptic in which the sun is, lies on the proper altitude circle (almucantarat), and then the rising 
sign or the point of the ecliptic on the horizon can be at once read off. 

On the ‘ Jaipur B ' astrolabe is given a table of the times of rising of the signs (see p. 23) from 
which the ascendant, etc., could be calculated, if the position of the sun were known, for any of the 
given latitudes. 

The ecliptic was divided into 12 equal divisions or signs of the zodiac which, owing to the obli- 
Quitv. took different times to rise and .set. This problem of ascensions 'jpaf) became of great 

importance because it affected the position of the four ' centres.’ (1 ) The ‘horo.scope ’ or ‘ ascendant.’ 
(2) Superior culmination, (3) The descendant. (1) Inferior culmination. These, in consequence 
of the variable time of the risings and settings of the signs, are not at intervals of right angles as the 
earlv ' F.gvptian ' astrologers a.ssum d. 

This ju-oblem of the 'anaphorai. is mo.st interesting hi-storically. Hvpsicles and Hipparchus 
(-econd century B.C.) studi' d it and Ptolemy gave the correct solution. Paulus of Alexandria (third 
century of our era) animadverted on the erro.ienus methods- employed and exhibited the 'anaphorai 
according to Ptolemy. 


1 W.' ,U" not line ,■ jm-'-w-d \Mt)i the f.ii t th.it th- fund.uni-nt.il a^.iuni|iti(iu- in conurxion with a^itroloirv are 
f.iio'. I’toli-niy .i-','"-. ,1 ';irm'-nc?>5 •smauatina: from oi-li-^tial bodies which tended to make the nature of the subject 
atlei ted -imil.ii’ t . ti:.' .'ci'nl. 1 iie Ar.ib.' eoii 'ideicd the fieaveidv hedie- rather iiuheatiir-; tlian agent, s. Neither 
Ilf tlie-e ion- i- u.irr.inted hy any eoniliination of oh-ervation and reawuing ; liotli were the result of false 

iih a- th.it h.i\e been long -luee di-carded exeejit liy the undearned. 

^ A'.'/., hv Mamliu.s. See Delambrc. Vol. 1, p. 25.3. 
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The following incorrect table^ from Petosiris for the first and second climates may be compared 
with that given on page 23 ; — 



Rising. 

Setting. | 


1st Climate. 

2n(l Climate. 

1st Climate. 

2:id Climate.; 


“ ’ h. m. s. 

" h m. 

0 r 

1 

0 : 


Aries ..... 

21 40 = 1 26 40 

20== 1 20 

38 20 

40 

Pisces. 

Taurus .... 

23 0 = 1 40 0 

24= 1 36 

35 0 

36 

Aquarius. 

Gemini .... 

28 20 = 1 53 20 

28= 1 52 

31 40 

32 

Capricornus. 

Cancer .... 

31 40 = 2 6 40 

32= 2 8 

28 20 

28 

Sagittarius, 

Leo ..... 

35 0 = 2 20 0 

36= 2 24 

25 0 

24 

Scorpio. 

Virgo .... 

38 20 = 2 33 20 

40= 2 40 

21 40 

20 

Libra. 

Total 

180 0 =12 0 0 1 180 = 12 0 

1 

180 0 

180 


The table for the second climate is reproduced in the Brihaj jdtaka^ 

of Varaha 

Mihira (c. A.D. 


.550) and is therefore of considerable historical interest. Varaha Mihira lived at Ujjain, which the 
Hindus placed at the middle of the second climate.® The Surya Siddhdnta (iii, 42 /.) gives the correct 
rule for determining the times of rising (Udayasavas) of the signs, but gives 24° as the obliquity. 

Houses.— The astrological houses (D&mus cadi) must not be confused with the planetary domi- 
ciles. The system of twelve houses was not altogether accepted by Ptolemy but since the date of 
Sextus Empiricus (3rd century of the present era) it has been in universal use.* In plate V and figure 
17 the twelve houses are shown. The boundary lines pass through the intersection [H) of the horizon 
and meridian and cut the equator at equal intervals of thirty degrees. The points at which these bound- 
arv lines cut the ecliptic are termed the cusps {Cuspides domorum) and four of these are at once seen 
{E, W and A in plate Y) but to find the others is a mathematical problem of some lit; le difficulty 
and occupied the attention of al-Battani, Regiomontanus, Jean- Antoine Magini (1556-1617) and 
others. According to Delambre (p. 501) the Arabs divide the south-east quadrant of the equator 
(S.E. in plate 7) into spaces each equivalent to two temporal day hours and the next quadrant 
{E-N.) into corresponding spaces of night hours.® Campanus and Gazulus divide the prime vertical 
{EZW) instead of the equator into equal divisions, and so on. 

Trigons or Triplicities. — The Greek astrologers tried almost every possible combination 
of the signs of zodiac. The signs being represented by equal spaces on the circumference of the circle, 
pairs were associated by parallel lines {Antiscia of Firmicus, etc.), by diameters, by squares, by hex- 
agons, and by triangles, inscribed in the circle. 

The triangular aspect was considered the most beneficial and Ptolemy gives as the reason for 
this that the trigon unites signs of the same sex,® but Bouche-Leclercq suggests as the motif the part 
that the triad played in oriental religions. 

1 From Bouch^-LeekTcq’s Astrologie Grecque, p. 269. 

* The rule reads ; The numbers five, six, seven, eight, nine and ten each multiplied by four are respectively 
the measurements of the first six agns from Mesha (Aries) ; and these reversed become the lagna nidnas of the last 
six signs.” (i. If.) 

•’ "^he Hindus placed Ujjain on the tropic of Cancer, i.e., latitude 23'= 51' 15' according to Ptolemy, 

* Manilius (first century B.C.) had employed a scheme of eight houses. 

‘ But see figure 17 which does not support this practice. 

« The sex of the signs is determined by the Pythagorean view of numbers, which shows the odd numbers as 
masculine and the even as feminine. The signs are alternately masculine and feminine starting with Aries which 
is masculine U Astrologie Grecque, p. 154, 
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The triirons or triplicities are sets of three signs that are 120 degrees apart. The trigons in order 
are — 


(«) 

; d>) 

\ 

{c) i 

i 


(i) Ariks 

Leo 

•SAGITTARirS . 

Masculine, Royal Trigon. 

(ii) TAfRcs . 

. : Virgo . 

Capricorncs . ; 

Feminine. 

(iii) Gemini 

. ' Libra . 

1 

AQUARir.s . . ! 

1 

Masculine, Human Trigon. 

(iv) C-INCER 

Scorpio 

Pisces . . . \ 

! 

Feminine. 

The Lords or Regents of the trigons are given on several astrolabes (p. 23). The origin of 
the arrangement is obscure but according to Deminus the orientation is determined by the direction 
of the wind when the moon occup'es one of the signs of the trigons, etc., etc. 

The regents^ 

are — 




1 

(«) 1 

1 

(I'l 

: (c) 

(i) Saturn 

1 

Sun 

• , Jupiter. 

(ii) Venus 

: 

Moon . . 

. . Mars. 

(iii) Mercury 



■Saturn . 

. . Jupiter. 

(iv) Moon 

• 

Mars . . , 

. . Venus. 


The tables on the astrolabes correspond to these principles but add other information. The 
table of trigons on • Jaipur A ’ is given on p. 23 ; the corresponding tables on ‘ Herat C ’ is seen in 
figure 12. In both of these tables the trigons are classified in order as (i) Fiery, (ii) Earthv, (iii) 
A ry and (iv) \Vate;y.- 

Terms or Limits (opta). — Fractions of each sign of 30 degrees are distributed among the 
five planets and the amount allotted to each planet determines the quantity of its influence. The 
planets are arranged in an order which varies for each sign ; but the order never forms an intelligible 
.serie.s and the determining causes of the scheme are not understood.® The system followed on all 
the astrolabes examined is that knowm to Dorothea of 8idon, Firmicus and Paulus Alexandrinus.* 
It did not satisfy Ptolemy who t:ied to introduce a rational order but failed for the Egvptian system 
i- the only one generally recogni.sed. 

It is curious that some astrologers tried to explain the numbers as the times of rising of the res- 
pective planets but Ptolemy pointed out that the.se depend upon the latitude of the observer, etc.; 
Deinophilus said the numbers represented the periods of revolution of the planets ; some .sav the num 
ber allotted to each planet represents the number of years of life that it can impart to the indivulmd 
horn under its influence, etc. 

’ According to Dorothea of Sidon Ptolemy give« Mars for Saturn in i. (a). 

2 Aroording to Alberuni (ii, 220) the Hindus do not refer the rf-pfctiis Irirjoni to the elements. 

’ The. Brihaj-jiifal-a (i, 7) seems to aim at a systematic arrangement but tho text i.s not at all clear. 

* BouchGLecIercq, p. 206f. 
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The question of opia made discord with the astrologers. “ Apollinaris,’’ writes Demophilus, 
“ disagrees with Ptolemy about the distribution of the opia and they both w!th Thrasyllus, Peto- 
siris, and other ancient authorities.”^ The complete table of terms is given below (p. 124). 

Decans and Faces. — The decans (icK^vol) are parts of the zodiac each equal to 10 
degrees. Each division of time had its protecting genius or chronocrator and the 36 decans are pos- 
sibly of such or religious origin and correspond to 36 protecting divinities. Hermes Trismegistus 
peaks of the 36 decans as ‘ vigilant guardians, inspectors of the universe.’ 

The system of decans imposes three kinds of influence : (1 ) that of the decans themselves, '2) that 
of the stars that rise at the same time and (3) that of the ‘ figures ’ or ‘ faces ’ (TTpoVuiia). 

The order of the decans, after Firm cus and Paulus Ale.xandrinus, etc., and on the astrolabes 
is as follows : — 


Signs. Decans. 


Aries 










Mars . 



Sun 


. 

Venus. 

T.iukus . 










Jlereury 



Moon 



Saturn. 

Gemixi . 










Jupiter 



Mars 



Sun. 

Cancer . 










Venus 



Mercury 



Moon. 

Leo 










Saturn 



Jupiter 



Mars. 

Virgo 










Sun 



Venus 



Mercury. 

Libra 










Moon 



Saturn 



Jupiter. 

Scorpio . 










Mars 



Sun 

• 


Venus. 

Sagittarius 










Mercury 



Moon 

• 


Saturn. 

C.APRICORSUS 





• 



• 

• 

Jupiter 



Mars 

• 


Sun, 

Aquarius 





• 



• 

• 

Venus 



Mercury 



Moon. 

Pisces . 


• 



• 


• 

• 

• 

Saturn 


• 

Jupiter 

• 

• 

Mars. 


It will be noticed that the decans read vertically in the above table are in the order of the days 
of the week. 

Planetary Houses. — The idea that the planets, as divinities rejoiced in particular positions 
seems to have come from the East (Babylon ?). The scheme seems to have been evolved by equating 
the planets in order with the signs starting from the begimiing of the calendar year, thus ; — 


Houses. Planets. | Houses. 


Aqu.vrius 






. 1 Saturn . . 


- 

Capkicjrnus. 

Pisces 






, 2 Jupiter 



Sagittarius. 

Aries * 






. 3 Mars . . 



Scorpio. 

Taurus 

• 





. 4 Venus 


• 

Libra. 

Gemini 

• 





. 5 Mercury . . 


• 

Virgo. 

Leo 

• 





, 6 Moon — Sun 6' 


• 

C.ANCER. 


‘ Ikiuclie-Lecleieq, p. 223. 
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On the astrolabes (B. and E.) the arrangement is as follows : — 


1 Saturn . 5 Mercury . 4 Venus. 

Pisces 2 Jupiter . 6 Moon . . 3 Mars. 

3 Mars . . 6' Sun . . 2 Jupiter. 

Taukus 4 Venus . . 5 Mercury . 1 Saturn. 

Gemni 5 Mercury . 4 Venus . . 1 Saturn. 

Cancer 6 Moon . . 3 Mars . . 2 Jupiter. 

Leo 6 Sun . . 2 Jupiter . 3 Mars. . 

Virgo 5 Mercury . 1 Saturn . 4 Venus. 

Libra 4 Venus . 1 Saturn . 5 Mercury. 

Scorpio 3 Mars . . 2 Jupiter . 6 Moon. 

Sagitt.aritjs 2 Jupiter . 3 Mars . * j Sun. 

Capricornus . . .......1 Saturn . 4 Venus . . j 5 Venus. 

I 


The Brihaj Jataka (i, 6) says : “ Mars, Venus, Mercury, the Moon, the Sun, Mercury, Venus, 
Mars, Jupiter, Saturn, Saturn, Jupiter, are successively the rulers of the twelve houses. Mesa, Vrisha, 
Mithuna. etc., as well as of the Navainsas and Dvadaiamsas of the houses.” 

Septenaries. — These occur only on the Zarqali instrument and are as follows : — 


AQUAWCS 


1 Saturn . 

2 Jupiter . 

1 3 Mars 

4 Sun 

5 Venus . 

6 Mercury 

7 Moon . 

CArKlCOENVS. 

Pisces . 


2 Jupiter . 

3 Mars 

1 4 Sun 

5 Venus . 

6 Mercury 

7 Moon . 

1 Saturn . 

SAOITTABItlS. 

Aeies . 


3 Mars 

4 Sun 

i 5 Venus . 

6 Mercury 

7 Moon . 

1 SatiuTi . 

2 Jupiter . 

Scorpio. 

Tavbcs 


5 Venus . 

C Mercury 

^ 7 Moon . 

1 Saturn . 

2 Jupiter . 

3 Mars . 

4 Sun . 

T/bra. 

GEMINI . 


6 Mercury 

7 Moon . 

1 Saturn . 

2 Jupiter . 

3 Mars 

' 4 Sun 

5 Venas , 

Virgo. 

C'ANrEB . 

, 

7 Moon . 

1 Saturn , 

2 Jupiter . 

3 Mars 

4 Sun 

6 Venus . 

6 Mercury 




4 Sun 

5 VonUA . 

6 Mercury 

7 Moon . 

1 Saturn . 

2 Jupiter . 

8 Mars . 

Leo. 


The horizontal order starting with Aquarius is the standard order' of the planets ; the vertical 
order (of the first column) is the order of the planetary domiciles (p. 122). 

Novenaries. — If the planets be arranged in the domiciliary order, (1) Saturn, (2) Jupiter, 
(3) Mars, (4) Venus. (5) Mercury, (6) Moon, (6') Sun, in nines for each trigon starting with Mars we 
get the following arrangement 


TEIGONS. 


1. Arie'5, Leo, 3 Mars 
Saoittarius. 

2 T-WRCS, Vir- 1 Saturi 
00, Capri- 

CORNVS. ! 


AQr.^Rir^. 

4 . Cancer. SroR- 
pio, nscES. 


Moon . ' 6' Sun 


1 

6 

7 i 

i 

S 

9 

5 Jrercury ; 

4 Venus , | 

3 Mars 

2 Jupiter. 

5 Mercury 

6 Moon • 

6' Sun 

5 Mercury. 

2 Jupiter 

2 Jupiter . 

3 Mars 

1 Saturn . 

4 Venus . 

1 Saturn . 

T) Mercury. 

2 Jupiter. 

i 


and this is really the arrangement given on the Zarqali instrument and it is implied in the Brihaj 
jataka (i. 6) which says : “ The rulers of the nine Navaiiisas of Mesha, Makara, Tula, Karka^ are the 
same who rule the nine houses beginning wi h Mesha.” 

' The classical (Plato, Aristotle, Eratosthenes, etc.) order wa.i. Moon, Sun {Venns, Mercury), Mars, Jupiter, 


Saturn. later Mercury and Vemis were interchanged (Heraclitus) and about the time of Hipparchus the order was 
made Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn. 
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DuodenarieS. — The Zarqlih instrument (E.) "ives the planets also in twe’ves for eaeli sijn 
(fioure 19). The arrangement is exhibited below : the order is the domiciliary order both horizon 
tally and vertically. 



1 

o 

3 

i 

' 4 

5 

1 

G 

7 

8 

D 

10 

11 

12 

AQUAUIl'S 

S.iturn . 

JUIltiT . 

Mars . 

Venus . 

M'Tcury 

Moi-n . 

Sun 

M' n ury 

^'| mis 

:Mars 

•hipit' r . 

urii. 

PlStT? . 

Jupiter . 

Mars 

Venu> . 

Mcr^ my 

M'jon . 

Sun 

M«ti ury 

Vemw , 

M irs 

Jui'Hi r 

''iiurii . 


ARir? . 

ilars 

Venus , 

Mercury 

Moon 

Sun 

;M* ro.iry 

Venus . 

Mars 


S.irurn . 

> 't urti . 

lupit r. 

T Amrs 

Venus . 

Mercury 

Moon 

Sun 

Mercury 

V* nils 

^fars 

Jupif-T . 

''.Uurn . 

S.iTiiru 

Jll] It-T . 

M,r«. 


Mercury 

Moon 

Sun 

Mi rcury 

Venus . 

:>[ars . 

Jujiittr , 

Saturn 

'•.u.urn . 

Jupiter 

Mar- 

V mis. 

Cancer 

Moon 

Sun 

JliTCury 

Venus . 

il.irs 

Jupiter . 

Saturn , 

Saturn . 

.ruplter , 

Mars 

V. -lus 

M'T' nry. 

I.FO . 

Sun 

?ilcrcury 

Venus . 

• Man 

Jupiter . 

Satmn . 

Saturn . 

JupitiT , 

M.irs 

VeiUN 

M' rt iirv 

Moon. 

Virgo . 

Mercury 

Venus . 

ilars 

' Jupiter . 

Saturn . 

Siturn 

Jupiter . 

Mars 

Venus . 

Mereiir: 

Modi 

' ^Ull 

Libra . 

Venus . 

;Mars 

Jupiter . 

' Saturn . 
t 

Saturn . 

Jupiter . 

Mars 

Venus . 

ilcrcury 

Moon 

Min 

i M.-. ur\. 

SCORPIO 

Mars 

Ju; ner 

Saturn . 

; Saturn . 

1 

J upitcT. 

Mars . 

\ onus . 

Mi rcurc . 

Moon 

Sun 

M' rciirv 

V miv. 

SAGITTARirS 

Jupiter . 

■ Saturn . 

^atu^n . 

Jupiter . 

Mars 

V* uu« . 

Mercury 

Moon 

Mill 

^I'Ti ur\ 

VfiiU'* . 

M .r-. 

CAPP.IC0RNC3 

Saturn . 

j Saturn . 

! 

Jiii.r''! • 

1 .Mars . 

Venus . 

Mercury 

Moon . 

Sun 

M' rcurc 

^ -'lUb . 

Mils . 

J upiter. 

i 


Summary of the Asteologtcal t.ables th.at occur on the instruments 

EXAMINED. 


1 riodN-*'. 


Signs. 

Terms or Limits. 


Dav 

K ' s 

>'l'2llt 


Xattire of 
'iri.'on 

0 

w 

Aries 

J upitcr 

0 

Venus 

6 

Mercury 8 

Mar? 

5 

Saturn 

D 

j 

Min 

Juidter . 
^aTl!^n . 

Jupiter 

>'in 

>arurn 

• 

lloyal I K ry 

1 

a 

Taurus 

Venus 

8 

Mercury 

6 

Jupiter 8* 

Saturn 

5* 

Mars 

3 

11 

Vi mw 

Moon 

Mars 

^’oon 

1 ftlllS 

M Lirs 


Eartliy 

2 

n 

Gomini 

Jtcrcury 

6 

Jupiter 

6 

Venus 5 

Mars 


Saturn 

G 

ill 

Saturn 

Mi n ury . 
Jupiter . 

Ml rcury 

''aturn 

Juplt'T 


Human Airy 

3 

G 

Cancer 

Mars 

7 

V enus 

0 

Mercury 6 

Jupiter 


Saturn 

4 

iv 

Vrnus 

Mar-' 

Moon 

Mars 

VrllUS 

1 Muou 


IVat'-ry 

4 

oL 

Leo 

Jupiter 

6 

Venus 

5 

Saturn 7 

Mercury 

0 

Mars 

6 

i 

Sun 

Jiijiircr . 
Saturn 

JuTuter 

"iin 

S^ituru 


Poy il. 1 lery 

5 

np 

V irco 

Mercury 

7 

Venus 

10 

Jupiter 4 

Mars 

7 

Saturn 

2 

ii 

Venus 

Moon 

Mars 

>roo n 
Vi‘11 Us 
Mars 


Eartiiy 

6 

-TV- 

Lit'ra 

Saturn 

C 

Mercury 

8 

Jupiter 7 j 

Venus 

7 

Mars 

2 

111 

s.yurn 

Mi ri'nry , 

Juj it'T 

Mercery 

^Aturn 

Jupiter 


Hinian, Air 

•7 

in 

Scorpio 

Mars 

7 

Venus 

4 

Mercury 8 

Jupiter 

o 

Saturn 

G 

iv 

V. mi'7 

Mar^ 

M.mui 

Mars 

I'emis 

Moon 


Watery 

s 

t 

Samttarius. 

Jupiter 

12 

Venus 

5 

Mercury 4 

Saturn 

5 

Mars 

4 

1 

^un 

J' pitiT 
''ati’rn 

Ju! lt-‘i 
SUfl 

Sa’- urn 


Ixoval. Fiery 

y 

c 

Ca pneornus 

1 

1 

1 Mercurv 

1 

7 

Jupiter 

i 

I'eniis 8 

1 

Sat urn 

4 

Mars 

4 

li 

I'onus 

Monti 

M.i-' 

Mf'on 

I’ellUS 

Mais 


Earthy 

10 


Aquarius . 

1 

1 Mercury 

7 

Venus 

6 

Jupiter 7 

Mars 

5 

Saturn 

■' 

111 

iT’irn 

M ri ury . 
Jiq ifi r 

M ’■ctiry 
^.r urn 
.1 111 Her 


Human. Airy 

11 


Pisces 

1 

Venus 

1 

12 

j Jupiter 

4 

Mercury 3 

Mars 

y 

Saturn 

o 

i\ 

I'cinis 

liar' 

Monll • 

M.trs 

V. m , 
Mo'>u 

1 


atery 
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C. (1) Astrolabe Gazetteer.' 


Place. 

Longitude. 

Latitude. 

Inhiraf. 

Distance, 






O 

/ 

0 

/ 

0 

/ 


Mecca 





77 

10 

21 

40 

0 

0 

0 






40 

41 

21 

20 




Madina 





75 

20 

25 

0 

34 

10 

86 






39 

58 

24 

25 




Ardabil 





82 

30 

38 

0 

17 

33 

377 






iS 

19 

38 

12 




Astarabad 

, , 




89 

35 

36 

50 

38 

48 

416 






5t 

26 

36 

46 




Baobdad . 





80 

0 

33 

25 

12 

45 

266 






44 

28 

35 

21 



Baital Maqaddas^ 

. , 




66 

30 

31 

50 

45 

16 

309 





33 

U 

31 

47 




Banaras . 

, , 




1173 

20 

26 

15 


. 







83 

0 

25 

IS 




Balkb 

, , 




101 

0 

36 

41 

60 

36 





* 


6$ 

48 

36 

45 




Basra 





84 

30 

30 

0 

34 

19 

2.30 






47 

50 

30 

30 



Danighan 

. 




88 

55 

36 

20 

38 

0 

382 





54 

19 

36 

16 




Uamiat 

, , 



• • 

63 

30 

31 

25 








31 

23 

31 

48 




Dilhi« 

, , 



« • 

113 

33 

28 

39 

87 

34 

763 






77 

0 

28 

44 




Dimishq . 

, , 



« • 

70 

0 

33 

10 

30 

31 

293 





36 

18 

33 

30 




Gnlkandah 





114 

39 

18 

0 









78 

■26 

7 

1-2 




Cwaliar . 





115 

0 

26 

19 









78 

26 

26 

18 




Halb= 





72 

10 

35 

30 

58 

29 







37 

0 

36 

10 




Hamadan 

, , 




83 

0 

35 

10 

22 

17 

320 






48 

20 

34 

50 




Herat . . 





94 

20 

34 

30 

53 

17 

439 






62 

9 

34 

28 




Isfahan 

, , 




86 

40 

32 

2.7 

40 

28 

330 






SI 

44 

32 

39 



I.skandarivah® 





61 

54 

30 

58 









29 

51 

31 

Ilk 




Krdjul 

, , 




104 

40 

34 

7 

69 

57 

604 






69 

IS 

34 

30 



Ka'hrin 

• 




86 

0 

34 

0 




Kaslnuir . 





108 

0 

35 

0 

68 

44 

605 

Kub'h 

• 



1 

• 1 

79 

30 

31 

30 

12 

31 

223 

Lahore 





109 

20 

31 

50 

78 

26 

674 





; 

74 

20 

31 

35 




Manfurah 

' 



i 

• • 1 

lOj 

0 

27 

40 

82 

50 

576 

^ Se ■ page 2 

5 ; This i 

s a S' l ction only. 

Th 

• sni ill figur 

s in it..hc3 ar 

; approxim 'tc modern Values. For 

lists see Ptol mv, 

d-Battani, 

Ulugh Bi g., the .1 

in-i- 

akbcri, etc. 









^ Jorusalcm. 

=’110 oil • Jaipur O.’ 

* The values vary from 113’ 0' to 113' 35' and from 28’ 15' to 29’ O'. 
^ Aleppo. 

* Alexandria. 


ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 


12 9 


C. (1) Astrolabe Gazetteer--co?;^fZ. 


Place. 

Long 

itude. 

La 

itude. 

Inhiraf. 

Distance. 










o 

/ 

3 

/ 

e 



Maraghah . 









82 

0 

.37 

20 

16 

17 

360 










46 

17 

37 

21 




Misi-i 









63 

20 

30 

20 

58 

38 

335 










31 

15 

30 

2 




Mosul 









77 

0 

34 

.30 

4 

12 

285 










43 

9 

36 

19 




Nishabur . 









92 

30 

36 

21 

46 

25 

440 










58 

40 

36 

S 




Qain 









93 

20 

33 

40 

54 

1 

414 

Qandahar . 








, 

107 

40 

33 

0 

75 

0 

656 










6’ 5 

40 

31 

36 




Qazwin 








• 

85 

0 

35 

0 

27 

34 

353 

Sabzawar . 








- 

91 

30 

36 

0 

44 

12 

422 

Samarqand 








. 

99 

26 

39 

37 

. 

. 











66 

59 

34 

40 




Shiraz 









88 

0 

29 

36 

53 

58 

279 










52 

40 

29 

30 




Sirhind 









111 

33 

30 

30 


, 











76 

23 

30 

37 




Tarablis' . 








• 

45 

0 

32 

0 

78 

17 

674 










12 

26 

32 

49 




Tabriz 








. 

82 

0 

38 

0 

15 

40 

367 










46 

1-2 

38 

2 




Tiflis 









83 

0 

43 

0 

14 

41 

486 










44 

50 

41 

3S 




Ujjain 



• « 





♦ 

1023 

0 

24 

30 

■■ 

51 

510 










4 0 

47 

23 

10 




Yezd . 



• • 






89 

0 

32 

0 

48 

29 

331 










S4 

30 

31 

3S 





' Cairo. 

“ Tripoli. 

® Possibly wrongly copied for 112 ; Ij gives 110^ 50' and 23° 30'. 


C. (2) Longitudes and Latitudes of Ujain, Delhi, Benares, Jaipur. 


Name of Place. 

Date. 

Authority. 

1 

i 

j Locality of observa- 
tion. 

Longitude. 

Latitude 

North. 


A. D. 





Ujjain . 

550 

Panchasiddhani'.ua . ; 

1 


44° East of Alexan- 
dria. ^ 

24° 0' O' 


1000 

Hindu canon accord- 
ing to Albcruni. 

i 

— 

24° 0' 0' 


1010 

Alberuni . . j 



22° 49' 0* 


1150 

Bhaskara 

— 

— 

22° 30' O' 



Astrolabes 

, . . . 

] 10° 50' East of For- 
tunate Isles.- 

23° 30' 0' 


1 The longitude of modern Alexandria is given as 29° 51' East of Greenwich. The astrolabes general gave 
61° 51' East of the Fortunate Isles (sec p. 127). 

2 For the h ngitude of the Fortunate Isles see p. 25 where it is estimated at 35° West of Greenwich. 
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C. (2) Longitude and Latitudes 


Name of Place. 

Date. 

i 

j Authority. 

Locality' of observa- 
tion. 

Longitude. 

Latitude 

North. 

L'JJAin— conirf. 

C. 1731 ' 

Jai Singh 

Observatory . 


23° 10' O'. 


1792 

W. Hunter (As. Res. 
1705, p. 141f). 

Near Rana Khan’ s 
Garden. 

75° 46' East of Green- 
wich. 

23° 11' 34-2'. 



W. Hunter 

Near Scindia’s Palace 

75° 55' .3" East of 
Greenwich. 

23° 10' 56-5'. 


' 1825 

i 

Warren from Hindu 
Books. 

— 

— 

23° 11' 30'. 


1915 1 

Trigonometrical Sur- 
vey of India. 

Hill 1678 

.... 

23° 11' 6'. 

Delhi . 

1 

j 

Astrolabes 

— 

113° 15' East of For- 
tunate Isles.' 

28° 39' O'. 


1729 

Jai Singh 

Observatory . 

— 

28° 39' O'. 

! 

1734 

Father Boudler 

W • * 

75° 0' East of Paris’ 

28° 37' O'. 


1792 

W. Hunter . 

« • • 

77° 2' 27' East of 
Greenwich. 

28° 37' O'. 


1825 

Warrren from Hindu 
Books. 

• . . . 

1° 16' 8’ East of 
Ujjain. 

27° 35' O'. 


1915 

Trigonometrical Sur- 
vey of India. 

Pirghaib 

Jama Masjid . 

i 

77° 12' 52' . 

77° 14' 2-8' . 

28' 40' 35-1'. 
28' 39' 2-3'. 

Besabks 

550 

Panchasiddhdntika . 

— 

54° East of Alexan - 
dria. 



1 1 

Astrolabes 

.... 

117° 20' East of For- 
tunate Isles. 

26° 15' O'. 


1795 

R. Barrow As. Res., 
IV 1795, p. 326. 

— 

82° 54' East of Green- 
wich. 

25° 18' 36'. 


1825 

Warren from Hindu 
Books. 


4° 37' (T East of Uj- 
jain. 

25° 38' O'. 

i 

1915 

Trigonometrical Sur- 
vey of India. 

Observatory . 

83° 0' 46-1' East of 
Greenwich. 

25° 18' 24 -9' 

jAITt’E . • 

•• 

Astrolabe 

! 

.... 1 

109° 6' East of Fortu- 
nate Isles. 

26° 36'. 



Tieffenthalcr . 


73° 43' East of Paris 

26° 53'. 


1734 

j Father Boudier 

i Observatory . , i 

73° 50' East of Paris 

26° 56'. 

! 

1 

1915 1 

j Trigonometrical .Sur- 
vey of India. 

Minaret . 

7.5° 49' 18-5' East 
of Greenwich. 

26° 55' 27 -4'. 


’ For the longitude of tho Fortunite Lsles see p. 25 where it is estimated at 35° West of Greenwich. 
* The loiigitud o of Paris Observatory is 2° 20' IS'o' East of Greenwich. 
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C. (3) Observatory Elements. 

(a) Position. 






Latitude. 

Longitude 

East of Greenwich. 

Magnetic 
Declination 
for 1915. 

Annual 

Variation. 

Delhi . 

• 

. 

• 

28° 37' 35' 

77° 13' 5' 

■ h . m. s. 

5 8 52-3 

East. 

1° 45' 

—1 

Jaipus . 

• 

• 

• 

26° 55' 27-4' 

1 75° 49' 18' 

5 3 17-2 

1° 45' 


Uj.tatn 

• 

• 

• 

23° 10' 6' 

4^ Z 

75- 

5 3/! 

I 

0° 45' 

i 


Benares 

• 

• 

• 

25° 18' 24 -O' 

83° 0' 46' 

5 32 3-1 ^ 

1° 5' ^ 

! 



(6) Time. 


I Longitude East 
I’’®"'- I ot Greenwich. 


Standard . 


. I 82' 30' 0' 


D&lhi , 


. , 'V 13' 5' 


Jaipur 


. 75“= 49' IS" 

I 


UjjaiQ . , . 75° 4^ 


Benares . 


. 83° 0' 46' 


Difference 



Diffbrence between local sun time and clock (1 

i.e., SliSDARD) HME. 


between local 
and standard 

Jan. 1. 

Feb. 12. 

1 

1 { 

1 

1 


1 



time. 

Mar. 15. April 15. May 15. 

t ' 1 

June. ^ July 15. Auz. 15, 

V ■ 

. Sept, 1 

.' Oct. 1. 

1 

Nov. 3. 

Dec. 25 

i 

M. S, 

M, S. 

> 1 . s. ' 

M. S. 1 3f. S. 

! 

M. S. 

3 4 

31. S. * M. S. M. S. 

1 : ! 

31. S. 

i 

! 31. s. 

1 

1 

M. S. 

M. 8. 

0 0 

+ 3 11 i 

+ 14 24 

1 

+ 9 6 0 0 

1 

— 8 

0 0 ' +5 44 +4 23 

0 0 

—10 16 

i 1 

I 

1—16 21 

1 

0 0 

+ 21 8 

+ 24 1 

t35 32 

i 

4 30 14 +21 8 

i 

( 

■ + 17 20 

i 

;+21 8 -r26 52 +26 31 

-21 8 

+ 10 52 

I 

+4 47 

i 

+ 21 8 

1 

^2S 43 

+ 29 54 

+ 41 7 

4 35 49 +28 43 ^ 

i 

1 

1 

+ 22 55 

+ 26 43 +32 27 -31 0 

i 

I 

+ 28 43 

1 1 

+ 16 27 ' 

i i 

tIO 22 

-26 4'; 

+ 28 32 

+ 30 3 ^ + 41 16 

i 

1 

1 

+ 35 8 +28 52 

1 

+ 23 4 

i ' ’ 

+ 26 52 +32 36 +31 15 ^ 

' i 

i 

+ 28 52 

1 1 

!-rl6 36 

1 

+ 10 31 

- 28 .54 

—2 3 

■f 1 8 1 

+ 12 21 

+ 7 3,-2 31 

i t 

—5 51 j 

1 i 

—2 3 ^ +3 41 j +2 20 

—2 3 

—12 19 

1 

—18 24 

1 

—2 3 


Standard time in India 13 hours before Grc.'uwich time. The minus sign indicates that standard time is behind local sun time. There^'ore to find standard time from 
dial time add the plus quantitks and subtract the fnin>i8 quantities as given m the table. For mtermediate dates proportionate parts uill give ap.-roximate result Ihp n-u 
B given to the nearest second only for 1916. Ihe annual variation is smaU. « vt ^ auc u.u. 
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C. (4) Climates and Longest days. 





i 


Latitudes. 


Loxgest Days. 




1 Hours of 
longest 
day. 









Climates. 


1 

After ! 
Ptolemy. 

1 

] 

AI-Battani. 

1 

! 

On Jaipur 
A Astro- 
la lie. 

Calculated 
from hours 

Calculated from lati- 
tudes. 





i 




Latitudes. 

H. 

M. 




12i 

12“ 30' 


12° 43' 


20 

13 

13 

First 

• • • 


13 

16“ 27' 

: 16° 39' 

16° 44' 

16° 43' 

21 

13 

17 




m 

20° 14' 

20° 28' 

20° 31' 


22 

13 

21 

Second . 

« • 


13| 

23° 51' 

24° 5' 

24° 10' 

24° 10' 

23 

13 

25 


1 


13i 

27° 12' 

27° 28' 

27° 34' 


24 

13 

29 

Third 

1 


U 

30° 2' 

30° 40' 

30° 46' 

30° 46' 

25 

13 

34 


( 



1 

33° 18' 

33° 37' 

33° 43' 


26 

13 

38 

Fourth . 

• . • < 

( 

1 

1 

^ W 

141 

36° 0' 

36° 22' 

36° 28' 

1 

36° 28' 

27 

13 

42 


1 

rh 

14i 

38° 35' 

38= 54' 

39= 1' 


28 

13 

47 

Fifth 

. . 

1 

i 

1 

15 

40= 56' 

41= 15' 

41=21' 

41° 21' 

29 

13 

52 



'■ 6 

15i 

43° 41' 

j 

43= 25' j 

43° 30' 


30 

13 

56 

Si.'ith 

• • i 

1 

15|- 

45° 1' 

1 

45= 22' 1 

i 

1 

45° 39' 

45° 32' 

40 

14 

51 



■h , 

15} 

i 

46° 51' ; 

47 ° 12' 

47° 38' 


50 

18 

10 

Seventh . 

• ■ ! 

! 

, m 1 

16 

j 

48° 32' 

1 

48’ 53' 

48= 59' 

48' 59= 

60 

18 

31 




16} 

50° 4' 1 
etc. j 

1 


•• 

•• 


•• 



' /:pus Astrommicum Ed. Nallino 2nd part 65 — 66. 

• ISO* I ^ ft 

d'he calculatrd results are obtained from the formula — 15 — ^ the longest day vfheK sin h = tan (j). tan ui 
and u here w = 2o- 29' and ‘p = the latitude. 
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LATiTunr. 

iti R^ r 

<lii jiiiir 

I \T 1 TI DE 

r>i RF.r 

(ill jotir 

LATITl Di 

III RM' 

(ill jour 

r, , 

h 

" 

h 



0 . 0 

I 2 

*> > . K) 

I't 

i>- . 2 ' 

r niois j 

lb, y, 

I 3 

^3 . 2,-) 

20 

1 . 3 [ 

2 )) 


l4 

4 • 

2 1 

7'i.4o 

> » 1 


1 3 

f) > . 

2 2 

-s. 1 r 

4 ; 

'lb- 3 

16 

()(;. »r 


b'l. 5 

3 » j 

>|. 0 I 

■7 


^4 

<)0. 0 

t> » 1 

iS.- 

18 




1 


A rcfpidteur. le- s-'t' lieiiro? li mie aritiee *e i cparlis-.cnt rn t2 lir tires- dc 
joiir. M.t heme- ili‘ erepUMtile el ;,im heme- de nuii Au {mle te» lumihro 
devioiinoni i e-jnTii>eineni m'"’. 2,0.} et iji 3 heurcs. 

t ' — — ■ : 
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D. TECHNICAL TERMS AND SYMBOLS. 


D (1). Numerical Notations. 




Ajad. 

Arabic 

Numerals. 

Hindu 

Numerals. 


Abjad. 

Arabic 

Numerals. 

Hindu 

Numerals. 

1 

1 

a 

1 

1 

60 

O' 

S 



2 


b 

r 

R 

70 

1 

( 

V* 

'30 

3 


‘ 

r 

k 

80 

O 

f 

A* 

Co 

4 


“ 

r 

8 

90 

v_8> 

s 

I* 

£.o 

5 

S 

h 

0 

'i 

100 

3 

q 

1 

^ c o 

6 

j 

w 

1 


200 

j 

r 

r-- 

^ 0 o 

7 

0 

z 

v 

'S 

300 


sh 

r.. 

^ a o 

8 

c 

h 

A 

c 

400 

O 

t 

t*. • 

8 0 o 

9 

h 

t 

1 


c 

500 


th 

£).. 

yL© 0 

10 


i 

1 • 


600 

C 

kh 

T** 

^ 0 o 

20 


k 

r* 

Ro 

700 

J 

dh 

V* ♦ 

'3o o 

30 

J 

1 

r- 

^0 

800 


(1 

A- • 

Coo 

40 

r 

m 

e- 

8o 

900 

n 

Z 


£.0 0 

.yi 

KJ 

n 

8« 

a » 

lOOO 

t 

gh 

1 

o 

o 

0 

00/ 


The ahjad system is mdicated by ci.nlit voces ttieoioriabiles 

abjnd haiviraz Juifti kalainan sa‘jas qnrashat lhakhadh dn:ag]i. 

But western Mussulmans arrange the last four words thus ; Safad qarasat IhakJiadh znqhash . 

The Greek system agreed with the ahjad as far as 80 but the portion from 90 to 300 rorresponded 
with the cd,jnd from fOO to 400. The later numbers differed considerably. In decipherinfr the 
engraved numbers on the astrolabe there are sometimes apparent ambiguities to be cleared up, owiii", 
partly, to the omission of diacritical marks.^ 

1 See P’ge 97 ; Nallino's al-B'dhlnl, Hi /, and Peters and Ktiobel's Ptohrm/s Celrdogne of Stars p. 13 /. 

Morely made a number of mistakes iiartieularly ir r; i. scribing the symbols for 4 and 7. 



ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 


135 


D (2). Signs of the Zodiac. 


0 

-T 

1 

i Aries . 

• 

. 

Arabic. 

al-Hamal 

Sakskfit. 

Mesha. 

1 

« 

Taurus 

• 

• 

al-Thaur 

Vrishan. 

2 

n 

1 Gemini 



al-Jauza 

Mithuna. 

3 

s 

Cancer 


• 

al-.Saratan 

Karka. 

4 


Leo 



al-Asad 

Sinha. 

5 

tm 

Virgo . 


• 

al-Sumbulah . 

: Kanya. 

1 

6 


Libra . 



alAIiziin 

Tula. 

7 

m . 

Scorpio 



al-'Acjrab 

Vrilchika. 

8 

t 

Sagittarius . 


• 

al-Qaus 

1 

Dhanus. 

9 


Capricornus 


• 

al-JadI . 

Makara. 

10 


Aquarius 


• 

al-Dalau 

Kumbha. 

11 


1 

, Pisces 

1 


• 

al-Hut . 

Mina. 

D (3). The Planets. 

I 





Arabic. 1 

Sa^tskrit.'^ 

1 

Tj 

Saturn 

• « 

• 

Zuhal , 

Arki. 

2 

ft 

.Jupiter 

• 

• 

1 

: 

Mushtarl . . ’ 

Brihaspatu 

3 i 

S 

51a rs . 



5Iirrikh . . . j 

Kuja. 

4 

o 

Sun . 

• 


.Shams , 

.Surya. 

5 

$ 

Venus 

• 

• 

Zuhrah . 

Sukra. 

6 

5 

ilcrcury 

• 

• 

‘Utarid . 

Budha. 

7 

D 

Jloon 

• 

• 

Qaniar . 

Chandra. 


* The planets ■n-ith the exception of the sun are sometimes {c.g., m the table of Trigens on Jaijiur A) deQote'l 
by the final letters of the Arabic names I, I, kh, (s/;), h, d, r ; See also Sodnlot Fixl. Talla As'rjn, d’Ou’.'H'g B g 
p. rxleiii. 

^ There are manj vanants of these names. 
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D (4). Lunar 

Hindu Xakbhatras. 

1. AsvirJ (jl3, y Ariilis) 

2. Bharam (33, 39, 41 -l/if/'-') .... 

3. Krittika Tj 'lattn^ dc.) 

4. Kohini (a, 6, y, S, e Tn -ri) 

5. Mrigaiiras (X, (f), <f)i Orionii) 

6. .Xrdra (tt Orionis) ..... 

7. Punarvasu (yS, a Ocuiutorinii) 

8. I’us'iiya [0, 8, y Cancri) . . . . 

9. Asl' sha {£, 8, a, 7), p H>/r1i-rr) 

10. Haglid (a, rj, y, p, e Lujnis) . 

11. Purva-Ptialgun! (8, 6 Ltvtu-p 
12 rttara-Plialgui.i (yS, 93 Leonis) 

13. Ha-ta (8, y, e, a, /S Con-i) . . . . 

14. Chitra (a Virginia) . , 

1. "). Svati (a Booliaj 

10. Vi'SkliS (t, y, /S, a Ltbrcr) . 

IT. AuuiTullia (8, /3, 77, Scor/^ii) 

18. Jyosjtha (a, <T, 7 Scorpii) ... 

19. Mflki (\, u, K, I, rj, p, e 5C07/-U) 

2(1. Purva-.^'^luidlu (CT, £ SagiUnrii) . . 

21. Ettara-.-Vhadlia (8, ^ Sngittarii) 

22. Aldiijitt (a, €, C .... 

23. Sravatu (a /3 y 

:i4. Sravis htha (/3, a, y, 8 Ddphini) . 

2. j. .^atabidiaj (\ Aqiiarii, dc.) ... 

20. Pun a-Bh.ldrapada (a, /3 Rtjds/) 

27. ntara-Bliadrapada (y Pcjan, a Andrortud-e) 

28. Ri'vati PUclain, tic.) 


Mansions. 

Arabic Manzils. 

1. Sharatin (/3, y Arktis). 

2. Butin (33, 39, 41 Arittis). 

3. Thuraiya (Pleiades, rj Taiiri, d-e.) 

4. Dabaran (a, y, 8, e Tauri). 

5. Haqali (X, (f), 4'2 Orionis). 

6. Haii’ah (7], p, V, y, f Gtminorurn). 

7. Dliira (yS, a Gtininoriim). 

8. Xathrah (y, 8 Cancri). 

9. Tarf (^ Cancri, X Leonis). 

10. JabLah (a, 7], y, ^ Leonis). 

11. Zubrah (S^ 9 Leonis), 

12. Sarfah (y8 Leonis). 

13. .Auwa (y8, 7j, y, 8, e 

14. Simak (a Virginis). 

15. Ghafr (L, K, X Virginis). 

16. Zubanan (a, y8 Librae). 

17. Ikhl (/3, 8, 77 Scorpii). 

18. Qalb (a Scorpii). 

19. Shaulah (X, V iScorpii). 

20. Xa'alm (y" — ^ Sagittarii), 

21. Baldah (Xortk of 77 Sagittarii). 

22 Sa'd al-Dhabih (a, yS Capricorni). 

23. Sa'd Bula' (€, p, V Aquarii). 

24. Sa'd al-Su'ud (y8, ^ Aquarii). 

25. Sa'd al-Akhbiyah (a, y, V eiqaarii). 

20. al-Fargh al-Mugdim (a, /S Pegasi). 

27. al-Fargh al-Mukhir (y Pegasi, a, Andromtdae), 

28. Batn al-Hut. (yS Andromedic, etc.) 


D (5). Obliquity of the Ecliptic. 


B. C. 130 

Hiiiparchus 





• 

. 23" 51' 20". 

A. D. 150 

Ptfplciuy . 






. 23" 51' 15". 

880 

al-Batlani 






. 23= 35' 0". 

905 

Abul Rahman al-Suti 






. 23= 33' 45". 

lOdl 

]bn Yuiuh 






. 23= 34' 52". 

1100 

.Sfiri/a .Siihlfidnla 






24= 0' 0". 

12.70 

Alpbon'inc t.d'b'-' 






. 23= 32' 39". 

1270 

Xa<;Ir al-Hin al-Ta'i . 






23= 30' 0". 

1438 

Vlngli Beg 






. 23= 30' 17". 

1 591 1 

Tvcho Brahe 






. 23= 29' 47". 

1090 

Flamsteed 






. 23= 28' 48". 

1729 

Jdi Singh 






23° 28' 0". 

1900 







23= 27' 28". 

1910 

IbtJuly 

• 


• 

• 

• 

. 23= 27'4' 68’ 

(The seca'ar variation is between 21° 59' aud2T° 3G' approximately.) 
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D (6). Length of the year. 









D. 

H. 

M. 

S. 

Hipparchus . 







365 

5 

55 

12 Tropical. 

Ptolemy 







365 

5 

46 

24 

»> • • 







365 

6 

9 

48 ’6 Siderea.!, 

Romaka Siddhanta . 







365 

5 

55 

12 

Paulin Siddhanta . 







365 

6 

12 

36 Sidereal 

Aryabhata 







365 

6 

12 

30 

Brahma Gupta 







365 

6 

12 

30-915 

al-Battani 







365 

6 

12 

>» 

Siddhanta Siromani 







365 

6 

12 

9 

Astrolabe 







365 

5 

50 

12-4 Tropical 

Approximately correct values — 











Tropical year 







365 

5 

48 

45-98. 

Sidereal 3-ear . 







365 

6 

9 

9-5. 


D (7). Precession of the Equinoxes. 

Annual precession. 


150 Ptolemy. 

8l0 al-Battani 
1100 Surya Siddhdiita 
1150 Bhaskara 
1370 Mahendra Suri 
1500 Copernicus 
1590 Tycho Brahe . 
1729 Jai Singh 


36" a year or 1' in 100 years. 
54’55" a year or 1° in 66 years, 

54" a year. 

59’9" a year. 

54" a year. 

50'2" a year. 

51" „ 

51 ’6" or 4° 8' in 297 Muslim years. 


[The precession for celestial longitude of all stars is approximately 50° 26" a year or, more 
coirectly 50'2564"+0 0222" T (where T is the time in centuries reckoned from A.D. 1900). The 
complete period of precession is approximately 25,696 years.] 
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E. CHRONOLOGY. 

There has been considerable difficulty in ascertaining the dates of construction of the ob- 
servatories, etc. Sir Eobert Barker, who was contemporary with Jai Singh, stated that the 
observatory at Benares was supposed to have been built by Akbar ; James Prinsep gave the 
date as A.D. 1680 — six years before the birth of Jai Singh ; another writer gives 1693 and so 
on ; of the following dates those relating to Jai Singh must consequently be used with some 
circumspection. 


A.D. 

Greenwich observatory founded . 1675 

Jai Singh born .......... 1686 

Newton's Principia published ....... 1687 

Jai Singh succeeds to the Amber Oadi ..... 1699 

Halley’s Synopsis of Cometary Astronomy ..... 1705 

Death of Aurangzib 1707 

Jai Singh invests Thun ........ 1712 

G. D. Cassini dies ......... 1712 

Farruk-Siyar . . 1713 

Jai Singh displaces Budh Singh of Bundi ..... 1718 

Muhammad Shah 1719 

Jai Singh appointed the Emperor’s deputy at .Agra and Malwa , 1719 

Great earth-quake at Delhi ........ 1720 

Flamsteed dies .......... 1720 

Jai Singh’s expedition against Juts of Bharatpur .... 1722 

Delhi observatory built C. 1721 

Historia Cceie-stis Britannica published ...... 1725 

Isaac Newton died ......... 1727 

Jaipur city built .......... C. 1728 

The Zif MuhamnwJ Shahj finished . . . . . . C. 1728 

Aberration of light discovered by Bradley 1728 

Observations recorded at Delhi ....... 1729 

Jai Smgh resigns the province of Malwa to the Poshwa . . 1734 

Jaipur observatory built ........ 17,34 

Benares obsematory built I737 

Nadir Shah sacked Delhi ........ 1739 

Halley died 

Jai Singh died ..... ■ . . . , 1743 
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1893, pp. 717 f. 

* S. B. Dikshit. — B haratiya Jyotih-Sastra. Poona, 1896. 

G. Thibaut.— A stronomic, Astrologie und Mathematik (Grimdriss der indo-arischen PhiloLogie, 
iii, 9, 1897), pp. 717 f. 

See also Davis. As. Res., 1790. ii. 225-287 and 1792. iii, 209-227 ; Jones, As. Res., 1790, 
ii, 289-306, 1792. iii. 257-294 ; J. Playfair, As. Res., 1795, iv, 158-164 ; J. Bentley, A.s. Res., 
1799, vi, 537-588 ; Buchanan, As. Res., 1799, vi, 163 f. ; Jones, Works, iv, 1-47, 48-69, 71-92 ; 

J Bentley, As. Res., 1805, viii. 193-244 ; H. T. Colebrooke, As. Res., 1807, ix, 323-376 and 
1816, XII, 209-250 [also J/ /sc. Essays, 1872, II, xiv, 321-373 and II, xv, 374-416] ; T. Warren, 
Kah Sankalita 1825 ; H. R. Hoisington, Oriental A.stronomer, Jaffna, 1848 ; W. Brentjani), 
Hindu Astronomy, 1896; T. Aufrecht, Cat. Bod., viii, 325 f., 1864; J. Eggeling, Cat. Sans. 
MSS. India office, part V, x. 1896, Calcutta Review, 1850, xxv, 65-85 ; 1900, cx, 344-356 ; 
Fleet, J. R. A. S., 1915, 213-230, etc., etc. A. Boutqin, del et Terre, Bruxelles, 1908, pp, 
105-112, 129-133, 159-163, 213-222. 

(</) Chronology. 

See Dikshit. Corp. Inscr. Ind.. 1888, iii, 161-176; Jacobi. Ind. Ant., 1888, xvii, 145-181, 
Ep Ind., i, 403-460 and ii. 487-498 ; Schram. Ind. Ant., 1889, xviii, 290-300 ; Dikshit, Ind. 
Ant 1890, xix. 48 f. ; Sewell and Dik.shit, Th' Indian Calendar. 1896; Kielhorn, Ind. Ant., 
1899 xviii, 193-209 and 380-386 ; R. Schram. Kalendarioyraphische und Chrondogische Tafeln. 
1908 ; Fleet, Enc. Bntannka, 13. 491-501 ; Pillai’s, Indian Chronology, 1911 ; Seweli., 

Indian Chronography, 1912 ; etc. 

(4) Muslim Astronomy. 

Delambre. — H istoire de I’astronomie du Moyen Age. Pans, 1819. 

J J Sedillot. Traite des instruments astronoiniques des Arabes. Traduit d'Aboul-Hassan 

par J. J. Sedillot, et public avec une introduction. 2 vols., 1834-35. 

L. A. Sedillot. — M emoire sur les instruments des Arabes. Paris, 1845. 

L P. E. A. Sedillot. — P rolegomenes des Tables astronomiques d’Oloug-Beg. Publics avec 
notes et variantes et piecedes dune Introduction. Paris, 1847. 

L. P. E. A. Sedillot. — P rolegomenes des Tables astronomiques d’Oloug-Beg Traduction et 
commentaire. Paris. 1853. 
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C. A. Nallino. — A1 Battani sive Albatenii. Opus Astronomicum. Milan, 1899-1907. 

H. SuTER. — Die Mathematiker und Astronomer der Araber und Ihre Werke. Leipzig, 1900, 

G. A. Nallino. — Astronomy (Encydopcedia of Islam, 1913, f.). 

See also Jourdain, Memoire sur I’observetoire de Meragab, 1810 ; Carra oe Vaux, 
I’Almageste d’Abu‘l Wefa, etc., Jour. As., 1892, xix, 408-471 ; L. A. Hocheim. Z D.M.G., 
1893, xLvii, 213-275 ; and Flamsteed’s Hist. Gael. Brit, for Ulugh Beg’s Catalogue, etc , etc. 

(5) Astrology. 

H. Kern — Brihat-Samhita. J. R. A. S. 1870-75 and Verspereide Geschriften , i & ii. 1893. 

A. Bouche-Leclercq — L’Astrologie grecque. Paris, 1899. 

Hart Prasanna Chatterjee. — The Brihajjatakam of Varaha Mihira, Allahabad, 1912. 

C. A. Nallino. — ‘Astrology ’ [Encydopcedia of Islam). 

See also A. Weber, Ind. Stud., ii, 1853, 236-315 and iii ; H. Jacobi, Indische Streifen, iii, 
1879, 165-168, etc. 

(6) General. 

J. Flamsteed. — Historia Coelestis Britannica. 1725. 

Delambre. — Histoire de Tastrononiie ancienne. Paris, 1817. 

Delambre. — Histoire de I’astronomie du moyen age. Paris, 1819. 

F. Baily.— The Catalogues of Ptolemy, Ulugh Beigh, Tycho Brahe, Halley, Hevelius Memoirs 

Roy. Astr. Soc. 1843, vol. xiii. 

R. Wolf. — Geschichte der Astronomic. Miinchen, 1877. 

E. B. Knobel.— The Chronology of Star Catalogues. London, 1877. 

J. L. E. Dbeyer. — Tycho Brahe : a picture of scientific life and work in the sixteenth century. 
Edinburgh, 1890. 

A. Berry. — A short History of Astronomy. London, 1898. 

A. VON Braunmuhl. — Vorlesungen fiber Geschichte der Trigonometric. Leipzig, 1900. 

J. L. E. Dreyer.— History of the Planetary systems from Thales to Kepler. Cambridge, 1906. 

G. Forbes. — History of Astronomy.' London, 1909. 

C. H. E. Peters and E. B. Knobel.— Ptolemy’s Catalogue of Stars. A Re\’ision of the 
Almagest. Washington, 1915. 
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A 

’ Abderrahmati b. ‘Omar, Abu’ 1 — Husain alSufi (d. 

A. D. 1986) 5, 10, 88. 

Aberkas=:Hipparchua 3. 

Abdul ‘ All b. Muhammad b al-Hasan Nizam al-Din 
al-Barjendi (c. A.D. 1524 b.) 40. 

Abjad notation 15, 97, 133. 

Aboul Hasan. See al-Hasan b. *Ali b. ’Omar. 
al-JIarrakoshi, Abu ‘Ali. 

Abu’l Wefa. See Muhammad b. &L b. Jabja Abu’l- 
Wefa’. 

Agra-yantra, 47, 57. 
ahargana 75. 

Ain-i-akbari II, 45, 77, 127. 

Alboruni. See Muhammad b. Ahmad Abu’l Riban. 
Albatcgnius. See Muhammad b. Jabir b. Sinan 
al-Battani. 

*Ali b. Abderraljnian Abu‘l ^asan ibn Jilnis (A.D. 
959 (?.) 87. 

‘All b. Muhammad al-Saijid al-Sharif al-Gurgani 
(A.D. 1340-1414) 4, 77. 

Alfonsine tables 14. 

Alhidade 18, 26. 

Almagest 2, 23, 69, 81. 

Almucantarats 18, 19. 

Akbarnama 11. 

Anaphora! 119. 

Angular calculations : nut used by the Hindus 87. 
Annus magnus. 

‘ ankabut, ‘ spider ’ ; the ecliptic tablet of an astrolabe 
18 seq. 20, 21 

Aperture dial. See shashtamsi yantra. 

Apollinaris 122. 

Apais. 

Arabic astronomy 80-83. 

Aranea. See ‘ankabut. 

Armillary sphere 79-80, 82. 

Aryabhata (A.D. 476 b.) 74, 76, 81, 142. 

Arya-paksha 76. 

Arya-siddhanta 76. 

Arzachel. See Ibrahim b, Jahja al-Naqqas. 
Ascendant 37, 119. 

Ascensional difierences 23. 

Asterisnis. See Nakshatras and manzils. 


Astrolabe ; 16 s^q., 82-83, 87 ; cylindrical 37 ; linej r 
83; perfected by Muslims 17, 82; used by J i 
Singh 12, 16, 86 ; works on 3, 141 ; rqali 27 seq. 

Astrolabes: at British Museum 24; Europe n 17; 
Hindu 16, 31-33 ; at Jaipur 16 seq. ; at K.'.purthala 
16. 

Astrolabium planisphaerum 17, 82. 

Astrological tables: 21, 23, 119 seq.; anaphorai 
119; duodcnarics 124, 125; faces 29, 122, 125; 
noyenaries 123, 125; planetary domiciles 122, 
125; septenarie.s 123, 125; terms 121, 124; trigons 
23, 120-121, 124. 

Astrology 119. 

Avanti=Ujjain q. y.. 

Azimuth instrum nts 19, 37-39, 43-44, 53, 57, 62-63. 


B 

Bailly J. S. (1731-1793) 70, 143. 

B.iily F. 97, 116, 194. 

al-Barjendi. See Al-dui Ali b. Muhammad b. al- 
Hasan. 

Barker, Sir R account of Benares observatory 64, 
139, 141. 

al-Battani. See Muhammad b. Jabir b. Sman. 
Benares observatory 13, 61-66. 

Bentley J. 71, 143. 

Berlin observatory (1705) 14. 

Berosus : dial of 86. 

Berry A. 84, 144. 

Bhaskara (f. A. D. 476) 76, 78, 80, 142. 
Bou*he-Leclercq A. 74, 120, 121, 142. 

Boudier, Father C. 5, 6, 14, 51, 188. 

Bradley (A.D. 1693-1762) 139. 

Brahe. See Tycho Brahe. 

Brahmagupta (AD. 598 b.) 76, 81, 142. 
Brahma-paksha 76. 

Brdhma- sphuta-siddhanta 142. 

Braunmiihl A. v. 144. 

BrihajjdUtka 120, 121, 125, 144. 

Burgess J. 141, 143. 

Burrow R, 31. 
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C 

Campanus 120. 

Carr-Stephen 48. 

Cassini G. D. {A.D. 1625-1712) 14, 84. 

Chakra-yantra 32, 63. 

Chandradhar Guleri 2, 65, 141. 

Chaucer’s Treatise on the Astrolabe (A.D. 1391) 
17, 18, 31, 142. 

Chaubil, Father 6. 

Chinese instruments 70. 

Chords : tables of 73. 

Chronology ; astronomical 71 ; Jai Singh’s 13, 14, 
130. 

Clepsydra 77-78. 

Climates 24, 131. 

Colebrooke H. T. 71, 143. 

Conjunction, ge.ier. l 74, 75. 

Cupernicus (A.D. 1473-1543) 1, 83, 90. 

Copley, Mrs. 34. 

Cross wires used for telesco[)cs 83. 

Cumin and Commandino 5. 

Cycle; five-year 71, 72; Me'onic 73; of 4,320,000 
years 75. 

D 

Dakshino-vritti-jantra 3, 35, 39, 45, 53, 56-57, 61. 
Daniclls, the : their drawings of D elhi observatory 
42, 47. 

D’AnGlle 5, 6, 141. 

Day, longest 19, 20, 72, 131. 

Decans 122, 125. 

Declination graphs 22. 

Delambre(1806) 8, 22, 80, 87, 119, 124, 144. 

Delhi observatory 3, 6, 13, 41-50. 

Delhi Archaological Society 48. 

Demophilus 122. 

De Margin 90. 

Dials 87. See S'mrat .var.tra and nari val -.y.-. yantr- s. 
Digaihsa yantra 3, 85, 38-30, 53, 57, 62-63. 

Dikshit B. D. 71-143. 

Dhruva-brahma-yantra 33, 34. 

Domiciles, planetary 122-123, 125. 

Dorothea of Sidon 24, 121. 

Dreyer .1. L E. 33, 82, 83, 84, 144. 

Duodenaries 124 — 126. 


E 

Earth : diameter of 74. 

Eggeling J. 143. 

Epicycles 73, 74, 75, 76. 

Erpiant 74. 

Equation of the centre 74, 75-76. 
Equal hours 19, 87. 

Equal hour died 36, 87. 
Equinoctial dials 36, 87. 
Equinoctial sh.adow 32, 59. 
Eratosthenes (276-195 B.C.) 24 . 


Errors in instruments 13, 14; in European tables 11. 
Euclid (/?. 300 B.C.) 2, 5, 88. 

Eudoxus (c. 409-356 B.C.) 24. 

European astrenomy : 83-85 ; its influence on Jai 
Si; gh 2, 89-90. 

Eun pean instruments 83-84. 

Eure pe.rn works used by Jai Singli 2 scq. 

Evans L. 142. 

F 

Faces 29, 122, 125. 

Fanshawe H. C. 48. 

Faras or ‘ horse ’ 18, 31, 63, 87. 

Figueredo, Father 5, 88. 

Firmicus {fl. A. D. 354) 120, 121. 

Flani.stced J. (A.D. 1646-1720) 2, 4, 83, 117. 188. 144. 
Fleet J. F. 71, 77, 142, 143. 

Focard J. 25, 26, 142. 

Forbes G. 84, 144. 

‘ Fortunate Islands ’ 25, 28, 129. 


G 

Galilei (A.D. 1564-1642) 83, 90. 

Gazuliis 120. 

Geminus 121. 

Geocentric theory 31. 

Geogr. phic .l elements 25-26, 29, 127-130. 

Gerbcrt Sylvester II 17. 

Garrett A. ff. 2, 5, 15, 33, 46, 54, 55, 69, 142. 
Gnonionics 73, 78-79, 87. 

Gola-yantra 3. 

Gower 17. 

Gr.ipha 21, 22. 

Greaves J. 

Greek astronomy 73 seq. 

Greek teclmical terms 73. 74. 

Greenwich observatory 14, 139. 

Guerin J. 5L F. 144. 

al-Gurgani. See ‘ Ali b. Muhammad al-Saijid al- 
Sharif. 

H 

Halley (A.D. 1656-1742) 83. 

Hamid b. al-Khizr, Abu Mahmud. al-Khojendi 
(A.D. lOOO d.) 82. 

Hadley’s quadrant 83. 

al-Ha.san b. ‘Ali b. ’Omar al-Marrakoshi, Abu ‘Ali 
(fl. A.D. 1262) 8, 28, 87. 

Heliacal risings and settings 74. 

Hendley, Col. T. H. 56, 141. 

Heraclitus 74. 

Hevelius (A.D. 1611-1687) 4, 14, 83. 

Hindu astronomy 79-80. 

Hindu astronomical instruments 31 seq., 77-80. 

Hindu i fluence o.i Jai Singh’s work 88. 

Hindu st rlistsJ, 77, 116, 117. 

Hermes Trismegi.^tus 122. 
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Hipparchus (c. 130 B.C.) 3, 13, 88. 

Hire P. de la. See La Hire. 

Historia Coelestis Britannioa 2, 4, 144. 

Hoisington H. R. 143 
Horoscope 119. 

Hours 19, 87, 120. 

Houses, astrological 19, 120. 

Huggins, Lady 141. 

Hunter W. 5, 7, 8, 10, 12, 47, 57, 67, 141. 

Huygens (.\.D. 1629-1695) S3. 

Hypsicles 119. 

I 

Ibn Junis. See ‘ali b. Abderrahman abu’l Hasan 
b. Junis. 

Ibrahim b. Jahja al-Xaqqas al-Zarqali (A.D. 1029- 
1087) 27. 

Htikhar Khan 27. 

’Ilkhanic Tables 5, 11. 

India Office astrolabes 20, 31. 
inhiral 25. 

Instruments: errors in 13, 14; European 83-84; 
evolution of J. i Si.'.gh’a 40, 86-87 ; Flamsteed s 
14; Hindu 31 seq., 77 seq.; Jai Singh’s 12 seq.; 
masonry 35 seq.; metal 16 seq.; Muslim 12, 81-82 ; 
size of 13, 14, 17 , 82 . 86. 

J 

Jacobi H. 71, 142. 

Jag^annath 2, 3, 30, 88. 

Jaggat Singh of Jaipur 2. 

Jai-prakas 3, 13, 35, 37, 52, 86, 119. 

Jaipur city 1, 6, 53, 139. 

observatory 13, 51 -.75. 

Jai Singh (A.D. 1686-1743) 1 seq., 88-90. 

Jamshid b. Mes’ud Gijat al-Din al-Kashi (A.I). 
1437 b.) 5, 11, 81, 88. 

Ja'qub b. Lshaq b. al-Sabbah al-Kindi, Aba Jusuf 
(circa A.D. 874 b.) 12. 

Ja'qub b. Tariq (A.D. 79 d.) 59, 

Jats sack Delhi 47, 48, 131. 
jihat 25. 

Jesuit records 5. 

Jones, Sir W. 69, 70, 143.^ 

Jyotisha V eddnga 70, 72, 77, 142. 

K 

Kala Sankalita 143. 

Kapala 5, 35, 37, 119. 

Kapurthala : instruments at 16. 

Karka-rasi-valaya 45. 

Kaqani tables 5, 11. 

al-Kashi See Jamshid b. Mes’ad. 

Keith B. 142. 
kendra 75. 

Kepler J. (A.D. 1571-1630) 14, 90. 


Kern H. 141. 

al-Kindi. See Ja'qub b. Ishaq nl-Kindi. 
al-Khojendi. See Hamid b. al-Khizr, Abu M.dnnud. 
Knobel E. B. 28, 116, 133, 144. 

Koran : instruments at 16, 34. 

Kranti-vritti-yanti a 32. 

Krittika 71. 


L 

Label or ruler 26 . 
lagna 73. 

La Hire P. do 2, 4, 14, 88. 

Lala Chhote Lai 142. 

Lanka : longitude zero 59, 60. 

Laplace (A.D, 1749-1827) 70. 

Latitudes: on rstroh'-les 25,127-128; .and climates 
24, 131; and h ngest days 20, 131; (,f obs rv i- 
tori.-s 128-129. 

Leiden observatory (1632) 14. 

Le Strange G. 25. 

Lellres edifianks, etc. 5, 6, 14, 141. 

I Libration 74. 
j Limits. See Terms. 

Logarithms 5. 

Longest days 19, 20, 72, 131. 

Longitudes: on astruh’.bes 26. 127-128; reckoned 
from Fortunate Isles 25, 127 ; from L.anka 59, 60 ; 
from Ujjain 58 seq. 

Lords of trigons, etc. See Regents. 

Lunar mansions. See manzils and n.'.kshatras. 


M 

Magini J. A. (1550-1617) 120. 

Mahendra Suri (fl. A.D. 1370) 3, 14, 116. 
al-Majisli. See Almagest. 

Mandius 24, 119, 120. 

Manmandira at Ben.ares 61. 

Man Singh of Amber 61, 67. 

Mansions of the Moon. See Manzils and n.^kslu-tr.-s. 
Manuel, Padre 6, 14, 89. 

Manzils 29, 125, 135. 

Marshall, Sir J. i, 60. 

Maragha observatory 6, 46, 81-82. 
ma.safat 25. 

Mashallah = Ma-sha-allab (A.D. 815 b.) 18. 
Mathura observatory 2, 13, 67-68. 

Maulanachand 11, 88. 

Measures of length and time 136. 

Mecca : direction of 25. 

Meru 72. 

Metal instruments 12-13, 16 .'^eq. 

Micrometer : invention of 83. 

MiSra-yantra 35. 45. 

Months : intercalary 76. 

Moon, distance of 74. 

Motley W. H. 26, 31, 133, 141, 142. 
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Muhammad — 

b. Ahmad Abu'l Rihan al-Biruni (A.D. 973-1048) 
13, 37, 59, 71, 73. 

b. Jabir b. Sinan al-Battani (A.D. 929 d.) 12, 18, 
23, 24, 81, 120, 127, 131. 

Mahdi 88. 

Mokim, astrolabe maker 24. 
b. Muhammad b. Jahja Abu’l Wefa (A.D. 940-998) 
82. 

Shah 8, 11. 

Sharif 5, 88. 

Mulachand. See Maulanachand. 

Mural quadrants 39, 45, 53, 55-57, 61. 

N 

Nakshatras 72, 73, 117. 

Nallino C. A. 12, 18, 27, 81, 131, 133, 144. 

Napier, Don Juan = J. Napier 5 
Nari-valaya-yantra 35, 39, 53, 57, 62. 

Naslr al-Dln al-Tusi (Muhammad b. M. b. al-Hasan, 
Abu Ja far, A.D. 1201-1273) 4, 11, 86,88. 

Newton, Sir Isaac (A.D, 1643-1727) 1, 83, 90. 
Niyat-yantra 45. 

Novenaries 123, 125. 

Numerical notations 133. 

O 

Obliquity of ecliptic 3, 74, 80, 135. 

Observation : neglected by later Greeks and Hindus 
85. 

‘Omar b. Ibrahim al-Khaijami (m. D. 1049-1124) 81. 
Olough Beg. See Ulugh Beg. 
von Orlich 48. 
o^r,iri= Ujjain 58. 

P 

Pailhade M. 29, 141. 

Punchasiddhantika 70, 73-74, 77. 

Paris Observatory (1667) 14. 

I’arkfs, Fanny 57. 

Paulus Alcxandrinus {/?. A.D, 378) 24, 119, 121, 122. 
PanliSa Siddhdnta 73. 

Peters C. H. E. 116, 133, 144. 

Picard J. (A.D. 1620-1682) 83. 

Petosiris 120, 122. 

Planetary hours 19 ; houses 122, 125. 

Planets : elements of 74 ; names of 134 ; ord' r 123 ; 

not mentioned in Vedio literature. 

Playfair J. 70. 

I’olar latitude and longitude 8. 

Precession of the equinoxes 8, 74, 136. 

Prinsep J. 61, 64, 139. 

Ptolemy, Claudius {fl. A.D. 140) 2, 11, 13, 24, 74, 
116, 121, 122, 127. 

Q 

Quadrants ; mural 39,46, 63, 56-67 , 61 ; of sines 22, 
29-30, 34. 


R 

Ram yantra 13, 35, 37-38, 43-44, 53, 82. 
Rasi-valaya-yantra 35, 52, 56, 

Regents 121. 

Rekhaganita 5. 

Refraction 4, 

Regiomontanus (A.D. 1436-1476) 33, 120. 

Reinhold (A.D. 1511-1553) 14. 

Rennell 141. 

Restorations 48-50, 54-55, 58, 65-65. 

Rete. See ‘ankabut. 

Rieu 10. 

Romaka Siddhdnta 70, 73. 

Rudolphine tables 14. 

S 

Sacrobosco (eirca A.D. 1236) 22. 
safiha = tablet q. v. 

Sa id Ahmad Khan 48, 141. 

St. Petersburg observatory (1725) 14. 

Samarqand observatory 3, 12. 

Samrat-yantra or 3, 13, 35, 36-37, 41-43, 52, 56, 
61-62, 86-87. 

Samrat-siddhanta : a translation of the Almagest 2. 
Saphaea Arzachelis. See Zarqali astrolabe. 
Saura-pak.sha 76. 

Sauvaire M. 29, 141. 

Sidillot J. J. 143. 

S^dillot L A. 25, 27, 37, 86, 143. 

SWillot L. P. E. A. 11, 13, 26, 82, 134, 143. 
Septenaries 123, 125, 

Sextant 39, 82. 

Sewell R. 76, 143, 

Shadow scales 22, 29. 

Shashtamsi ye.ntra 3, 12, 35, 39, 52, 82. 

Siddhdnta Siromnni- 

Signs: .Vrabic and Hindu names 134; rising 23, 73. 
119-120. 

Sines : quxlrant of 21, 22, 29-30, 34 ; tables of 73. 
Spider '. See ‘ankabut- 

Star lists: on astrolabes 21, 33; Flamsteed's 4, 117, 
118; Jai Singh’s 8 seq., 95-115 ; Mahendra Suri’s 
4, 116; Ptolemy’s 4, 116; Surya Siddhan 77, 117 ; 
Ulugh Beg’s 3, 8, 95-116; al-Zarqall's 27-28, 118. 
Stofler 19. 

Strobfl. Andre 7, 88. 

Sudhakr.ra Dvivedi 88, 143. 
al-Suti. See ‘Abderrahman b. ‘Omar. 

Surya Prajnapti 70, 72-73. 

Surya Siddhdnta 23, 70, 73-74, 77, 78, 120. 

Suter H. 10, 11, 27, 59, 144. 

Sylva, Don Pedro de 7, 88. 

T 

Tablets 18 seq ., 31. 

Tabulce Astronomies of La Hire 2, 4, 14. 

Tangents 36, 87. 

Telescope : aerial 6 ; first used 83. 
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Telescopic sights 83. 

Temporal hours 19, 22, 31. 

Terms 121, 124. 

Thibaut 9, 71, 72, 142, 143. 

Thom W. 46. 

Thrasyllus 122. 

Tieffenthaler : 7, 141 ; on Jaipur observatory 33-54; 
on Mathura observatory 67 ; on Ujjain observatory 
58. 

Tilak B. G. 71, 142. 

Time : equation of 130 ; measures of 136. 

Tod Col. 1, 47, 141. 

Tomkins H. G. 141. 

Torquetum 33. 

Trigonometrical Survey 42, 129, 

Trigons 23, 120-121, 124. 

Triplicities. See Trigans. 

Triquetrum 18, 82. 

Tycho Brahe (A.D. 1546-1601) 4, 14, 33, 83, 144. 

U] 

Ujjain : 2 ; the Greenwich of India 58-60 ; map of 
[of end of volume]-, observatory 2, 13, 56-60. 
Ulugh Beg (A.D. 1394-1449) 3, 12, 26, 82, 86, 88, 
89, 127, 143. 

Unnatam^-yantra 32. 

Upsala observatory (1730) 14. 

Utaniborg (Tycho Brahe’s observatory 1576) 14. 


7 

Vdja-peya sacrifice 2. 

Varaha ISUhira (A.D. 587 d.) 73, 120, 142, 144. 


Varanasi = Benares q. v. 
Vasishtha Siddhdnta 73. 

Vaux C. de 141. 

Vedic astronomy 71. 

Venter of astrolabe 71, 25. 
Vernal equinox : position of 29. 
Villamaj-us = Ptolemaeus. 


W 

Warren’s K&la Sankalita 143. 
Weber A. 71, 142. 

Whitney W. D. 71, 74, 142. 
Williams J. L. 65, 141. 

Wolf R 33, 144. 


Y 

Ya'Kub ibn Tarik. See Ja'qub b. Tarik. 
Yantra = instrument. 

Yantra Raja = Astrolabe 3, 32, 33. 

Yavana for Alexandria 73. 

Yavanas, Greeks or Westerners 3, 4, 12, 80. 
Year : length of 24, 73, 76, 136. 

Yunan for Rhodes 3. 


Z 

al-Zarqali. See Ibrahim b. Jahja al-Naqqi*. 
Zarqali astrolabe 22, 27-30, 123, 124. 

Zij Muhammad ShdhiQ, 8-15. 

Zurich observatory (1759) 45. 
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REFEBEXCES TO THE MAP OF UJJAIX. 


J KaU fj'ttf 
- Bnznr.-! 

•j Kagzipvra 

4 Paurhaiti hngh 

5 Mula Mandari-la-bngh 
0 Rani khan 

7 Eani-ke-Sale-ka-ManrIil 

8 Gopal MantUl 

9 Post offire 

10 Dano gate 

11 Chandni gate 

12 choak 

13 Maina Bai's palace 

14 Lakherbari 

lo Falki sahib’s paiga 

16 Kotivali 

17 Custom house 

18 Mint 

19 Tehsildari 

20 Kat-ki-choak 

21 „ gate 

22 Dharamsala 

23 Baija Bai-ki-chatri 

24 Eamghat 
26 Hospital 

26 Udasi baba-ka-ghat 

27 Shrine of Maolana 

28 Palace 

29 Kas-Am Mahil 

30 Mahakal Mahadeo’s temple 

31 Karor sugar or Kot sagar 

32 Sir Sabah's house 

33 Paiga 

34 Chaobis khambha or 24 pillars 
36 Hakim Rahim 

36 Begum's garden 

37 Karaknath's temple 

38 Pirjangli gate 

39 Jai Sugh’s Observatory 

40 Nursing ghat 

41 Imamhari 

42 Bar-ki-Chuoki 

43 Masan ghat 
4 1 Gao „ 

4'} Aunlipura 

46 Tdjpur gate 

47 Vhutnar bauli 

48 Chatri „ 

44 U' was „ 

49(1 Indore „ 


60 Hanumdn bauli 

61 Fazalpur 

62 Teliudra 

63 Pinjaru'dra 

64 Sard fa 

66 Karampura 

66 Nijdjpura 

67 Ddbri 

68 Daolatganj 

60 Anandganj 

61 Begumpura 

62 Bahdrdurganj 

63 Mali pura 

64 Kangalpura 
66 Bhandpura 

66 Kanthdl 

67 Mirzawdri 

68 Gun pat Rao's garden 

69 Chuni Lai's ,, 

70 Kishan Das’ ,, 

71 Khcr sagar 

72 Dub Talai 

73 Nikas Talai 

74 Nil Ganga 

76 Telegraph office 
76 Opium godowii 
79 Budwdria Hat 
SO Gogasai 

53 Bhanow Mandar 

54 Ukhlesur Mahadeo 
S6 Satti tombs 

56 Holkar's garden 

57 Hindu burning ground 

55 Fir Madtau-ki-dargah 
S9 Kalka mala 

90 KirpaniuYiji-ka- Mandar 

91 Bvhni Bigum-ka-Mugbra 

92 Caves {Bharthari gufa) 

94 Nag talai 

96 Ran jit Mahabir 
96 Nawapura 

98 Ganga ghat 

99 Alangalnath 
100 Vishnu sagar 

.. Biuulinj pillars 
1678 Heights above sea level 
JOr Relative heights 
A Trigonometrical Survey point 
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